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FOREWORD 

This  is t h e  s i x t h  
of "Some hIajor Impacts 

i n  a series of t a s k  r e p o r t s  w i t h i n  a b r i e f  s t u d y  
of t h e  Na t iona l  Space Program." 

Within t h i s  i n v e s t i g a t i o n ,  many c a n d i d a t e  impacts were f i r s t  s c reened  
and those  t h a t  appeared (a) minor o r  (b) n o t  l i k e l y  to  y i e l d  t o  s u f f i c i e n t  
s tudy  w i t h i n  t h e  s h o r t  time a v a i l a b l e  were e l i m i n a t e d .  The remaining 
impacts were s u b j e c t e d  to  f u r t h e r  s tudy ,and  each  is s e p a r a t e l y  r e p o r t e d  
\ v i  t h i n  t h i s  series. * 

The r e s u l t s  of t h i s  s t u d y  are t h e  first concrete a s s a y s  w i t h i n  a 
we1 ter of c o n f l i c t i n g ,  incomplete ,  exaggerated,  and f r e q u e n t l y  unsupported 
information.  S t a n f o r d  Research I n s t i t u t e  c o n s i d e r s  t h e i r  o b j e c t i v e  s t u d y  
a n  important  t a s k  and is look ing  forward to  ex tend ing  t h e  scope of t h i s  
s t u d y  i n  t h e  f u t u r e  by a p p l i c a t i o n  of t h e  background, inethodologies,  and 
i n i t i a l  r e s u l t s  o b t a i n e d  to  da te .  

John G. Meitner  
P r o j e c t  Manager 

I ?  ? ?  * The t i t l es  are: "Economic Impacts,  I d e n t i f i c a t i o n  of  N e w  Occupa- 
I t  ? I  t i o n s , "  "Impacts of N e w  Materials Technology, Impacts Upon A v i a t i o n  

and Aeronaut ics ,"  "Impacts Upon Hea l th ,  Biology,  and Medicine," "Some 
T o t a l  Impacts of NASA C a p a b i l i t y , "  "The Impact of t h e  Space Program 
Upon Science--1. Astronomy." 
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ABSTRACT 

During t h e  p a s t  t e n  years, a lmost  e v e r y  branch of t h e  p h y s i c a l  and 
b i o l o g i c a l  s c i e n c e s  has  c o n t r i b u t e d  to o u r  t o t a l  space  program. S i n c e  
space R&D has  r e p r e s e n t e d  a c o n s i d e r a b l e  p o r t i o n  of o u r  investment  i n  
advanced s c i e n c e ,  i t  w a s  assumed t h a t  t h e r e  would be a c o n s i d e r a b l e  t r a n s -  
f e r  of t h i s  technology to  meet t h e  needs of p u b l i c  h e a l t h ,  medicine,  and 
b i o l o g i c a l  r e sea rch .  The transfer p r o c e s s  has  been uneven, w i th  unex- 
pec ted  achievements and b a r r i e r s .  

Manned space mis s ions  have caused t h e  normal h e a l t h y  a d u l t  t o  be 
i n t e n s i v e l y  s t u d i e d ,  i n  c o n t r a s t  to p a s t  biomedical r e s e a r c h  which p r i n -  
c i p a l l y  c e n t e r e d  on a d u l t s  s u f f e r i n g  from disease. These base - l ine  c l i n -  
ical d a t a  cove r  almost e v e r y  environmental  parameter ,  p e r m i t t i n g  devia-  
t i o n s  from t h e  norm to  be b e t t e r  measured i n  disease and also a l lowing  
optimum performance s t a n d a r d s  t o  be set i n  many occupa t ions .  

The impact on biomedical r e s e a r c h  t echn iques  has  been a p o s i t i v e  
achievement,  e s p e c i a l l y  where nonspace R&D is conducted by groups also 
engaged i n  b i o a s t r o n a u t i c s .  The use  of t h e  computer and mathematical  
models f o r  b i o l o g i c a l  systems h a s  been r e f i n e d  i n  space  R&D and is  now 
wfdely employed. The r e s e a r c h  t echn ique  t r a n s f e r  i n c l u d e s  one s i g n i f i -  
c a n t  breakthrough--digi ta l  computer p r o c e s s i n g  and enhancement of X-ray 
and microscope photographs,  also of great va lue  i n  medical d i a g n o s i s .  

The t r a n s f e r  of s p e c i f i c  items of harcfware developed for space  pro- 
grams or r e l a t e d  r e s e a r c h  has  been unexpectedly slow. There is a v e r y  
s e r i o u s  t i m e  gap between t h e  accep tance  a t  t h e  c l i n i c a l  t e s t i n g  l e v e l  
and t h e  widespread d i s t r i b u t i o n  of t h e  system i n  medicine where t h e  u s e r  
requirements  are t o  be  found. F requen t ly ,  f i v e  or s i x  y e a r s  w i l l  i n t e r -  
vene b e f o r e  a s y s t e a  i s  i n s t a l l e d  i n  a h o s p i t a l ,  c l i n i c ,  or l a b o r a t o r y .  

The p r i n c i p a l  b a r r i e r  i n  t r a n s f e r r i n g  biomedical hardware l i e s  i n  
t h e  fact.$hat most o r g a n i z a t i o n s  engaged i n  b i o a s t r o n a u t i c s ,  i.e. , aero- 
s p a c e  c o r p o r a t i o n s ,  u n i v e r s i t i e s ,  and government agency l a b o r a t o r i e s ,  do 
no t  have a biomedical equipment manufactur ing and marke t ing  c a p a b i l i t y  
f o r  s y s t e m s  o t h e r  t han  t h o s e  used  i n  s p a c e  and m i l i t a r y  programs. Many 
items of transfer value are n o t  p a t e n t a b l e .  L i f e  s c i e n c e  is u s u a l l y  of 
secondary importance i n  ae rospace  companies, and management is f r e q u e n t l y  
d i s i n t e r e s t e d  i n  biomedical d i v e r s i f i c a t i o n  because p a s t  v e n t u r e s  have 
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been unprofitable. The physician in the hospital or university often 
thinks of aerospace support as being a philanthropic gesture, and his 
misunderstanding of the need for profitable product lines presents an- 
other barrier . 

In almost every case where a system has been successfully transferred 
from bioastronautics to clinical or research applications, the necessary 
catalyst has been a "champion" who is able to provide the necessary sup- 
port. Freqcsntly, the champion is a principal scientist or official whose 
influence will allow the necessary transfer activities to be conducted 
on a bootlegged or sub rosa basis. Converting the role of the champion 
from an unofficial to an authorized participation would greatly enhance 
the overall impact of bioastronautics. 

After ten years, the present iiwact of the space program on life 
science and medicine is scattered and only beginning to play a practical 
role in the public health sphere. Many systems are successfully passing 
their clinical tests. The impact on research is slowly diffusing and be- 
coming standard practice. 

The future impact will depend partly on a better understanding and 
acceleration of the bioastronautics transfer process itself. It should 
be possible to revolutionize many clinical and research procedures with 
systems and techniques initially refined to meet space requirements. The 
creation of a new biomedical technology transfer agency, under NASA man- 
agement, is one of several promising options that might be evaluated as 
a means of optimizing the transfer of bioastronautics technology and re- 
search techniques. 
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INTRODUCTION AND SUMMARY - 

This  r e p o r t  ana lyzes  the  impact of t h e  t o t a l  U.S. space  program on 
p u b l i c  h e a l t h ,  medicine,  and b i o l o g i c a l  r e s e a r c h ,  Tie background i n f o r -  
mation was ob ta ined  through in-depth  in t e rv i ews  wi th  s c i e n t i s t s  and o f f i -  
c i a l s  r eapons ib l e  f o r  va r ious  b i o a s t r o n a u t i c s  programs i n  aerospace  com- 
p a n i e s ,  government agenc ie s  ( i n c l u d i n g  headquar t e r s  groups and l a b o r a t o r i e s ) ,  
u n i v e r s i t i e s ,  and h o s p i t a l s .  S c i e n t i s t s  and phys ic i ans  o u t s i d e  t h e  space 
program who are b e n e f i t i n g  from space  technology t r a n s f e r  or who are  poten- 
t i a l  b e n e f i c i a r i e s  were a l s o  con tac t ed ,  Geographic coverage was restricted 
t o  t h e  s ta te  of C a l i f o r n i a  and the  Washington, D.C., area i n c l u d i n g  nearby 
communities i n  Maryland and V i r g i n i a .  While t h i s  i s  not  a complete cover- 
age of a l l  the  o r g a n i z a t i o n s  engaged i n  a p p l i c a b l e  space  a c t i v i t i e s ,  t h e  
o r g a n i z a t i o n s  t h a t  supp l i ed  u s e f u l  d a t a  r e p r e s e n t  approximately half  of 
t h e  n a t i o n ' s  ongoing space  biomedicine,  and they  can  be cons ide red  as a 
r e p r e s e n t a t i v e  sample,  Also ,  many of t h e  in t e rv i ewees  had r e c e n t l y  come 
from o t h e r  o r g a n i z a t i o n s  i n  geographic  areas no t  i nc luded  i n  the  s t u d y .  
Consequently,  t h e  d a t a  collected r e p r e s e n t  a s u f f i c i e n t l y  broad sample 
of to ta l  space  R&D expe r i ence  t o  permi t  t h e  conclus ions  reached i n  t h i s  
r e p o r t  

The in t e rv i ews  were conducted d u r i n g  a time when space  research budg- 
e t s  had a l r e a d y  been s e r i o u s l y  c u r t a i l e d ,  and they  now f a c e  the prospec t  
of even g r e a t e r  budget c u t s  i n  t h e  next  f i s ca l  year. I t  should  be men- 
t i o n e d  t h a t  a f e e l i n g  of deep pessimism p r e v r i l e d  among most of t h e  people  
con tac t ed  and t h a t  t h i s  a t t i t u d e  of r.iind may have unconsciously in f luenced  
t h e i r  eva lua t ion  of t h e  p re sen t  and near term impact of t h e  space  program 
i n  the  biomedical  f i e l d .  I n  many cases, t h e  budget r e s t r i c t i o n s  i n  N I H  
and o t h e r  agenc ie s  no t  r e s p o n s i b l e  f o r  a s t r o n a u t i c s  r e s u l t e d  i n  funding  
cu tbacks  f o r  programs t h a t  would have inc luded  technology t r a n s f e r  i c s m s .  
A t  the  p r e s e n t  time, i t  is  more d i f f i c u l t  to  o b t a i n  funds f o r  some of ' ;  

promising technology o p t i o n s  than  i t  was two or three years ago, The . ..  
c e r t a i n  p a t t e r n  of funding  i n  t he  next  f i s ca l  y e a r  means t h a t  technolog,  
t r a n s f e r  w i l l  con t inue  t o  be adve r se ly  a f f e c t e d  by t h e  o v e r a l l  cuts i n  
t h e  n a t i o n ' s  R&D and p u b l i c  h e a l t h  programs. 

Many concerned o f f i c i a l s  have been d i sappo in ted ,  because many of t h e  
most promising items of technolog)  t r a n s f e r  have taken  a very  long  t i m e  
t o  reach  a p r a c t i c a l  c l i n i c a l  a p p l i c a t i o n  fo l lowing  t h e  t e s t i n g  and equip-  
ment mod i f i ca t ion  phases .  A r e p r e s e n t a t i v e  sample of t h e s e  sys t ems  is 
found i n  t h e  matrix i n  Table 1. 
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Table  1 

REPRESENTATIVE LIST OF SPACE SYSTEMS 
USEFUL IN MEDICINE AND BIOLOGICAL RESEARCH 

- 
S e r e n d i p i t y  or Item from Unfunded P r o p o s a l  
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I t  should be emphasized t h a t  t h e  medical p r o f e s s i o n  has  been h i s t o r i -  
c a l l y  very c o n s e r v a t i v e  i n  its adop t ion  of  new t echn iques  and technology. 
I t  has been f r e q u e n t l y  observed t h a t  t h e r e  has  been a 10- to  15-year l a p s e  
be fo re  i t e m s  of advanced t e c h w :  igy are f u l l y  employed i n  c l i n i c s ,  hospi- 
tals, and biomedical l a b o r a t o r i e s .  One important  impact of the  space  pro- 
gram has been a p r a c t i c a l  r e d u c t i o n  i n  t h i s  t i m e  lag, s i n c e  a l l  t h e  items 
t h a t  have been s u c c e s s f u l l y  adopted have a t  least bea ten  t h e  his tor ic  t i m e  
l ag .  Furthermore,  the  space program has  c l e a r l y  demonstrated that  i t  is 
p o s s i b l e  t o  ach ieve  very s i g n i f i c a n t  state-of-the-art advances i n  a ve ry  
s h o r t  p e r i o d  of t i m e  when s u f f i c i e n t  t a l e n t ,  frmds, p r i o r i t i e s ,  and man- 
agement d i r e c t i o n  are provided t o  allow t h e  e a r l y  r e a l i z a t i o n  of  s p e c i f  i c  
g o a l s .  

C l i n i c a l  Data--The Healthv Adult  

The a s t r o n a u t  and a s t r o n a u t  s u b s t i t u t e  working i n  v a r i o u s  space  lab- 
oratories are normal h e a l t h y  a d u l t s  who must f u n c t i o n  i n  a completely 
a l i e n  environment to  understand what t he  p h y s i c a l  and mental  c a p a b i l i t i e s  
of man i n  soace would be. A large number of s t u d i e s  have been conducted 
t o  uncover p h y s i o l o g i c a l  data t h a t  have n o t  been thoroughly i n v e s t i g a t e d  
i n  his tor ic  b i o l o g i c a l  research p r i m a r i l y  concerned w i t h  v a r i o u s  patho- 
l o g i c a l  processes .  To walk e f f e c t i v e l y  i n  a space  s u i t  on the moon, sci- 
e n t i s t s  f i r s t  have to know more abou t  the mechanics of walkir lg  h e r e  on 
e a r t h ,  The chemical composi t ien of s a l i v a  and tears was determined fo r  
the  first t i m e .  Sensory d e p r i v a t i o n ,  exotic gas atmosphere compos i t ions ,  
humidity,  p r e s s u r e ,  c i r c a d i a n  rhythms, and work c y c l e s  have been bu t  a 
Pew of t h e  many p h y s i o l o g i c a l  parameters  where complete or r e l a t i v e l y  
complete in fo rma t ion  is now a v a i l a b l e  as a space  dividend.  

The c l i n i c a l  data on t h e  h e a l t h y  a d u l t  are c u r r e n t l y  scattered among 
many r e p o r t s  and s tudy  summaries of government agenc ie s  and o r g a n i z a t i o n s  
who have ga the red  these d a t a ,  and it is n o t  r e a d i l y  a v a i l a b l e  to t h e  re- 
search phys ic i an  or s c i e n t i s t  who may coIZ be familiar w i t h  t h e  space  pro- 
gram or t h e  o r g a n i z a t i o n s  t h a t  have been r e s p o n s i b l e  f o r  conduct ing t h e s e  
i n v e s t i g a t i o n s  du r ing  t h e  p a s t  t e n  y e a r s .  Consequently,  access to  these 
data is s e v e r e l y  restricted, and i n  many cases it  does n o t  appea r  i n  r e f -  
e r ence  t a b l e s  i n  r e c e n t  medical books p repa red  by s c i e n t i s t s  o p e r a t i n g  
o u t s i d e  of t h e  space community. One s t r o n g  recommendation is t h a t  a mono- 
graph or monograph series be p repa red  to  b r i n g  a l l  t h e s e  p e r t i n e n t  d a t a  
t o g e t h e r  and also adequa te ly  r e f e r e n c e  t h e  more d e t a i l e d  coverage of t he  
phys io log ica l  parameters t h a t  appea r  i n  the  s p e c i f i c  r e p o r t s  t h a t  provide 
information ob ta ined  through d i v e r s e  b i o a s t r o n a u t i c s  g r a n t s  and c o n t r a c t s .  
Seve ra l  s c i e n t i s t s  have suggested t h a t  a symposium or similar meet ing,  
which would b r i n g  t o g e t h e r  and g i v e  a t ten t ion  t o  d a t a  o b t a i n e d  on t h e  



h e a l t h y  a d u l t ,  might be s e r i o u s l y  cons ide red  f o r  NASA suppor t  i n  asso- 
c i a t i o n  wi th  o t h e r  government a g e n c i e s  s u p p o r t i n g  biomedical R&D. 

I terns of Equipment T r a n s f e r  

The t r a n s f e r  of t h e  systems and subsystems developed as  the  r e s u l t  
of space  research t o  meet t h e  needs of terrestrial biological research 
and medicine has  been slower then  o r i g i n a l l y  expected.  The most s e r i o u s  
t i m e  gap e x i s t s  between the  i n i t i a l  c l i n i c a l  t e s t i n g  phase and t h e  subse-  
quent  manufacture and d i s t r i b u t i o n  of t h e  sys t em to  those sectors of t h e  
biomedical community where the a c t u a l  requirements  are to  be found. Under- 
s t a n d i n g  and a n a l y z i n g  t h e  mechanics of t h i s  barrier m a y  be the most i m -  
p o r t a n t  c o n t r i b u t i o n  of  t h i s  r e p o r t .  I n  many cases, we are c o n s i d e r i n g  
r e l a t i v e l y  expensive systems t h a t  r e q u i r e  s e p a r a t e  fund ing  by a govern- 
ment agency o r  o u t s i d e  o r g a n i z a t i o n  to  complete t h e  t r a n s f e r .  For i n -  
s t a n c e ,  a n  automated blood p r e s s u r e  c u f f  was developed by G a r r e t t  f o r  
t h e  Mercury and Gemini programs. T h i s  system was c l i n i c a l l y  tesLed i n  
1961 and cou ld  have been i n s t a l l e d  i n  a h o s p i t a l  i n t e n s i v e  care c e n t e r  
a t  t h a t  t i m e .  The first a c t u a l  i n s t a l l a t i o n  took p l a c e  i n  a n  i n t e n s i v e  
care c e n t e r  a t  the K a t i o n a l  I n s t i t u t e s  of Hea l th  i n  1968. The system is 
no t  l i k e l y  to  save  a l i fe  i n  the same dramat i c  manner as less expensive 
items such as EKG monitors  which were among the  f i r s t  automated d e v i c e s  
i n s t a l l e d  i n  care c e n t e r s .  Garrett w a s  f u l l y  occupied d u r i n g  the i n t e r -  
vening y e a r s  and had no i n t e r n a l  p r e s s u r e  t o  a t t e m p t  to  d i v e r s i f y  through 
t h i s  t r a n s f e r  op t ion .  The t r a d i t i o n a l  conse rva t i sm of the medical commu- 
n i t y  was also a n  important  f a c t o r .  

The most r a p i d  equipment t r a n s f e r  has been made to other u s e r  r e q u i r e -  
ments when the development f o r  hardware m o d i f i c a t i o n s  is conducted by t h e  
same o r g a n i z a t i o n  t h a t  engaged i n  t h e  o r i g i n a l  b i o a s t r o n a u t i c s  program. 
For  i n s t a n c e ,  Garrett developed a biomedical r e c o r d i n g  system under NASA 
c o n t r a c t  to e v a l u a t e  p h y s i o l o g i c a l  behav io r  of man under  a c t u a l  f l i g h t  
c o n d i t i o n s  i n  our manned space progra,ns. T h i s  system was q u i c k l y  t r a n s -  
f e r r e d  t o  A i r  Force requirements  t o  monitor  t h e  e f f e c t s  of stress on p i -  
lo t s  i n  Vietnam dur ing  a c t u a l  combat o p e r a t i o n s .  I n  almost eve ry  case 
where a t r a n s f e r  can  be made t o  a m i l i t a r y  requirement ,  i t  has been q u i c k l y  
made because t h e  o r g a n i z a t i o n  engaged i n  space research is almost always 
cogn izan t  of A i r  Force,  Army, a n d  Navy requirements .  The accoun t ing ,  man- 
u f a c t u r i n g  and customer r e l a t i o n s  p a t t e r n s  are no t  b a r r i e r s  i n  t r a n s f e r -  
r i n g  space systems to  o t h e r  government agency requirements .  
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RGtD C a p a b i l i t y  T r a n s f e r  

The space  program has  caused i n t e r d i s c i p l i n a r i a n  teams of s c i e n t i s t s  
to be  brought t o g e t h e r  t o  s u c c e s s f u l l y  ach ieve  d i v e r s e  goals, many of which 
are on ly  p a r t l y  r e l a t e d  to t h e  l i f e  sc i ences .  F requen t ly ,  i t  is t h e  a v a i l -  
a b i l i t y  of t h e s e  teams t h a t  pe rmi t s  a l i f e  s c i e n c e  program t h a t  would no t  
have been p o s s i b l e  wi thout  t h e  space  program to  be s u c c e s s f u l l y  undertaken.  
For i n s t a n c e ,  SIR1 One is a r e v o l u t i o n a r y  a p p l i c a t i o n  of aerospace  technol -  
ogy t o  medical educa t ion .  I t  is a computer c o n t r o l l e d  l i f e l i k e  mannequin 
developed a t  Aero je t  Gene ra l ' s  Von Karman Cen te r  to a c c u r a t e l y  s i m u l a t e  
human response  i n  t r a i n i n g  a n a e s t h e s i o l o g i s t s .  The b a s i c  concept  of SIM 
One is a n  e x t e n s i o n  of s i m u l a t i o n  theo ry  o r i g i n a l l y  developed i n  Aerojet's 
space  power systems,  rocke t  eng ine  systems,  and space  s a t e l l i t e  systems.  
H e r e  t h e  r e s e a r c h  team ( r a t h e r  t han  t h e  hardware) w a s  t r a n s f e r r e d  to  pro- 
duce a completely new e d u c a t i o n a l  technology.  The SIM One program i s  a 
r e p r e s e n t a t i v e  sample of the p o t e n t i a l  employment of t h e  methodology of 
space  R&D i n  p rov id ing  completely new s o l u t i o n s  t o  v a r i o u s  problem areas. 

Research Techniaues 

Almost a l l  o u r  space  R&D has r e q u i r e d  comple te ly  new i n s t r u m e n t a t i o n  
and methodological approaches,  and this has been p a r t i c u l a r l y  t r u e  of bio- 
a s t r o n a u t i c s  programs. Research t echn iques  developed for space  r equ i r e -  
ments have been most r e a d i l y  t r a n s f e r r e d  w i t h i n  t h e  same o r g a n i z a t i o n s  
t h a t  nonspace biomedical  r e s e a r c h  is  conducted. I n  some cases, the t r a n s -  
fer  has  been made by a n  i n d i v i d u a l  go ing  from a b i o a s t r o n a u t i c s  group t o  
a new a f f i l i a t i o n  where he carries t h e  new t echn iques  wi th  him. I n  many 
cases, we are cons ide r ing  components and subsystems,  such as b e t t e r  s k i n  
e l e c t r o d e s  for EKG and EEG measurements. 

There h a s  been widespread employment of computer programming tech-  
n i q c e s  i n c l u d i n g  mathematical models of var ious  phys io log ica l  p rocesses ,  
The a v a i l a b i l i t y  of t h i r d  g e n e r a t i o n  computers may be cons ide red  as one 
of the  i n d i r e c t  t r a n s f e r  b e n e f i t s  of the  space  program. This  r e f i n e d  
computa t iona l  c a p a b i l i t y  pe rmi t s  complex two- and three-dimensional  ma- 
t r i x e s  to  be programmed to  determine complex i n t e r r e l a t i o n s h i p s  between 
very large numbers of environmental  and p h y s i o l o g i c a l  parameters .  

The d i g i t a l  computer p rocess ing  of o p t i c a l  and e l e c t r o n  microscope 
images promises a quantum improvement i n  new areas of research emphasis,  
p a r t i c u l d l y  molecular  biology.  Th i s  t echn ique ,  coupled wi th  new elec- 
t r o n  microscopes of n e a r  t h e o r e t i c a l  r e s o l u t i o n ,  which are now being de- 
veloped,  may permit  a d i r e c t  "readout"  of t h e  s t r u c t u r e  of many o r g a n i c  
molecules 
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B i o a s t r o n a u t i c s  rcsearc!i kechniques have been eniployed i n  t h e  develop- 
ment of exper imenta l  a r t j  f i c i a l  h e a r t s  uncler Dr. Willeni Kolff  a t  t h e  Cleve- 
l and  C l i n i c .  Body cool i n g  procedures  r e f i n e d  as a r e s u l t  o f  NASA's re- 
duced metabolism prograiu have been used  i n  hypothermia r e sea rch .  Automated 
moni tor ing  of equipment i s  a space r e s e a r c h  technique  t h a t  has  been widely 
adopted.  

Teclznology T r a n s f d r  Barriers 

Where s i z a b l e  expenses  are not  e n t a i l e d ,  systems and subsystems de- 
veloped through.Jut t h e  space  itrogram w i l l  go through t h e  i n i t i a l  c l i n i c a l  
t e s t i n g  phase of t c  Zhnology t r a n s f e r  i n  a compara t ive ly  s h o r t  p e r i o d  of 
t i m e .  Here iv.? are i!sually d e a l i n g  wi th  a s i n g l e  p ro to type  t h a t  may have 
been modif ied f o r  th:: nonspace a p p l i c a t i o n .  The o r g a n i z a t i o n s  t h a t  pro- 
duced t h e  prototy;,e as a r u l e  do not  have t h e  m a ~ u f a c t u r i n g  and market ing '  
c a p a b i l i t y  r e q u i r e d  t o  supply  t h e s e  systems i n  l x g e  numbers for h o s p i t a l s ,  
c l i n i c s ,  and l a b o r a t o r i e s .  Consequent ly ,  t h e r e  i s  EL s e r i o u s  t i m e  gap be- 
tween the i n i t i a l  r l i n i c a l  or o t h e r  t e s t i n g  phase and t h e  a v a i l a b i l i t y  of 
t h e  s y s t e m  as a manufactured i t e m .  

The h o s p i t a l  or u n i v e r s i t y  s c i e n t i s t  f r e q u e n t l y  is i n t e r e s t e d  i n  
s o l v i n g  h i s  own equipment needs and r e g a r d s  a p ro to type  system as a p h i l -  
a n t h r o p i c  g i f t  from a n  a f f l u e n t  company, which t h e  s c i e n t i s t  may also re- 
g a r d  as a "merchant of death" because of defense  c o n t r a c t s .  The need f o r  
a t ransfer  from t h e  t e s t i n g  phase to p r o f i t a b l e  product  l i n e  is f r e q u e n t l y  
no t  recogcized  by t h e  s c i e n t i s t ,  which c o n t r i b u t e s  t o  t h e  b a r r i e r .  

I n  almost  every  case where t h e r e  has  been a s u c c e s s f u l  t r a n s f e r  i n  
a r e l a t i v e l y  s h o r t  t i m e  pe r iod ,  a "champion'' ha s  se rved  as t h e  t r a n s f e r  
c a t a l y s t .  A thorough a n a l y s i s - o f  t h e  role of t h e  champion i n  s u c c e s s f u l  
t r a n s f e r  should  be undertaken.  Convert ing h i s  role from an  u n o f f i c i a l  
to an  a u t h o r i z e d  f u n c t i o n  might be one of t h e  b e s t  ways t o  speed  tech-  
nology t r a n s f e r  i n  a l l  advanced m i l i t a r y  and space  f i e l d s .  Here we are 
p a r t l y  c o n s i d e r i n g  t h e  psychology and mot iva t iona l  dynamics of t h e  trans- 
f e r  p rocess  i t s e l f .  
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RECOWIENDATIONS AND CONCLUSIONS 

Wr i t ing  from a vantage  p o i n t  of  1968, one  can  s ta te  t h a t  space  bio-  
medicine has  had a g r a t i f y i n g  t r a n s f e r  impact on t h e  s ta te  of t h e  a r t  of 
l a b o r a t o r y  i n s t r u m e n t a t i o n  and r e s e a r c h  t echn iques  for terrestrial l i f e  
science R&D. Many s p e c i f i c  items of technology have been s u c c e s s f u l  i n  
die i n i t i a l  c l i n i c a l  or  o t h e r  t e s t i n g  phase and can  be expec ted  t o  be 
widely d i s t r i b u t e d  i n  t h e  f u t u r e .  

The NASA Tech B r i e f s  provide  a n  adequate  d e s c r i p t i o n  of biomedical  
systems w i t h  a t r a n s f e r  p o t e n t i a l .  Unfor tuna te ly ,  many s c i e n t i s t s  out-  
i i d e  t h e  s p a c e  and m i l i t a r y  f i e l d s  are e i t h e r  no t  aware of t h i s  qu ick  
i d e n t i f i c a t i o n  s e r v i c e  or t h e  Tech B r i e f s  t h a t  would be of greatest in -  
terest s imply do not reach  them. I t  must be recognized  t h a t  t h e s e  are 
ext remely  busy, overcommitted p r o f e s s i o n a l s ,  and some means shou ld  be  
dev i sed  t o  c o n t a c t  them d i r e c t l y  about  technology t r a n s f e r  items of po- 
t e n t i a l  va lue  i n  t h e i r  programs, r a t h e r  t h a n  e x p e c t i n g  them to go th rough 
t h e  e s t a b l i s h e d  i d e n t i f i c a t i o n  system. I t  is na ive  t o  assume t h a t  t h e  
p o t e n t i a l  u s e r  w i l l  t a k e  t h e  i n i t i a t i v e  i n  t h e  i d e n t i f i c a t i o n  phase of 
t h e  t r a n s f e r  p rocess .  

The p r i n c i p a l  q u e s t i o n  r ega rd ing  t h e  f u t u r e  impact of technology 
t r a n s f e r  from b i o a s t r o n a u t i c s  depends on t h e  p o s s i b i l i t y  of a d o p t i n g  new 
procedures .  The t r a n s f e r  t o  other l i fe  s c i e n c e  r e s e a r c h  r equ i r emen t s  can  
become more e f f e c t i v e  by a system of moni tor ing  p r o s p e c t i v e  u s e r  needs. 
One s o l u t i o n  might be t o  p repase  a programmed " i n t e r e s t  p r o f i l e "  of v a r i -  
ous  biomedical  p r o f e s s i o n s  and s p e c i a l t i e s  and then  dev i se  a system by 
which Tech B r i e f s  are a u t o m a t i c a l l y  s en t  t o  t h e  s c i e n t i s t s  who are most 
l i k e l y  t o  use  t h e  space  systems i n  t h e i r  r e sea rch .  

More e f f e c t i v e  f u t u r e  t r a n s f e r  of bioastronautics sys tems t o  wide- 
sp read  c l i n i c a l  medical  p r a c t i c e  w i l l  l a r g e l y  depend on t h e  fund ing  a v a i l -  
a b l e  t o  accelerate such  t r a n s f e r .  I t  is na ive  t o  assume t h a t  t h e  s imple  
i d e n t i f i c a t i o n  of such  t r a n s f e r  o p t i o n s  w i l l  permi t  t h e i r  e a r l y  adop t ion ,  
e s p e c i a l l y  where r e l a t i v e l y  expens ive  systems are concerned. 

The severe R&D budget c u t s  caused  by f i s c a l  p r e s s u r e s ,  p r i m a r i l y  
stemming from t h e  Vietnamese c o n f l i c t ,  may be eased  i f  a n e g o t i a t e d  set- 
t lement  is  reached  i n  1969. Fede ra l  R&D fund;.ng is l i k e l y  t o  resume its 
h i s t o r i c  growth p a t t e r n ,  p rov id ing  new o p p o r t u n i t i e s  f o r  t h e  c l i n i c a l  
u t i l i z a t i o n  of space  technology.  
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The s o l u t i o n  t o  op t imized  c l i n i c a l  t ransfer  was inven ted  by t h e  Phoe- 
nicians--MONEY! S t a t e d  c o n v e n t i o n a l l y ,  s p e c i f i c  funds  must be a l l o t t e d  
i n  g ran t s  and c o n t r a c t s  t o  complete  a l l  t h e  t r a n s f e r  s t e p s  where compar- 
a t i v e l y  expens ive  sys tems are e n t a i l e d .  The d e s i r a b i l i t y  of such  t r a n s -  
f e r  programs are e v a l u a t e d  i n  t h e  s ec t ion ,  "Adaptat ion Problems and Some 
P o s s i b l e  S o l u t i o n s .  C lose  coope ra t ion  between NASA, N I H ,  and  o t h e r  agen- 
cies,  probably  f a c i l i t a t e d  i n  p a r t  th rough j o i n t  committees, would be nec- 
essary. 

JY 

Many p o t e n t i a l  t r a n s f e r  items i n  b i o a s t r o n a u t i c s  are ext remely  expen- 
s i v e  by t h e  s t a n d a r d s  of o r g a n i z a t i o n s ,  such  as h o s p i t a l s  which are poten- 
t i a l  users .  F requen t ly ,  t h e  cost of a n  automated dev ice  w i l l  be an  order 
of magnitude o v e r  t h e  sys tem it  rep laces .  The fact  t h a t  t h e  t i m e  saved  
by h i g h l y  s k i l l e d  p r o f e s s i o n a l s  w i l l  make t h e  automated dev ice  q u i t e  eco- 
nomical i s  f r e q u e n t l y  n o t  accep ted  by biomedical  s p e c i a l i s t s  u n t i l  t h e  
sys tem has  been i n  o p e r a t i o n  f o r  a y e a r  or more. Consequent ly ,  some means 
of fund ing  t h e  c l i n i c a l  p roo f -o f -p r inc ip l e  phase i s  l i k e l y  to  have a sig- 
n i f i c a n t  impact i n  reducing  t h e  o v e r a l l  lag i n  t h e  widespread adop t ion  of 
space  b i o  t ec hnol  ogy . 

The p o s s i b i l i t y  of e s t a b l i s h i n g  a new agency t o  fund  c r i t i ca l  phases  
of  t h e  t r a n s f e r  of b i o a s t r o n a u t i c s  technology is a p o s s i b i l i t y  t h a t  de- 
s e r v e s  a t t e n t i o n .  Such a n  o r g a n i z a t i o n  could i d e n t i f y  t h e  p o t e n t i a l l y  
u s e f u l  sys tems whi l e  t h e y  were s t i l l  be ing  developed b e f o r e  t h e i r  use i n  
an o p e r a t i o n a l  space  system. 

A f t e r  t e n  y e a r s ,  some d e f i n i t e  conc lus ions  can be reached concern ing  
t h e  space  biomedical  technology t r a n s f e r  p rocess .  The 10- to  15-year  t i m e  
gap  i n  app ly ing  advanced technology t o  c l i n i c a l  requi rements  has  been 
broken, b u t  t h e r e  is st i l l  a l o n g  de lay  i n  t r a n s f e r r i n g  o p e r a t i o n a l  tech-  
nology and r e s e a r c h  t echn iques ,  Systems developed f o r  space  requi rements  
are ext remely  expens iva  by conven t iona l  biomedical  s t a n d a r d s  ( c l i n i c a l  or 
r e sea rch ) .  The expense factor f r e q u e n t l y  creates a psycho log ica l  b a r r i e r  
i n  p o t e n t i a l  u s e r s  t h a t  i s  d i f f i c u l t  to  overcome. 

There i s  a fundamental  need for d i r e c t  or i n d i r e c t  funding  suppor t  
to accomplish t h e  i n i t i a l  t r a n s f e r  s t e p s .  F requen t ly ,  a champion w i l l  
use h i s  i n f l u e n c e  t o  allow t h e  s t e p s  t o  be conducted s u b  rosa or on a 
boot legged b a s i s .  The champion may a lso assist i n  o b t a i n i n g  g r a n t s  or  
funds  from agenc ie s  n o t  engaged i n  space  programs for a d d i t i o n a l  equip-  
ment mod i f i ca t ion ,  and t h e  l i k e .  

The c l in ica l  p r o o f - o f - p r i n c i p l e  t e s t i n g  is f r e q u e n t l y  conducted w i t h  
t h e  o r i g i n a l  space  hardware. 
f i r s t  s t e p  and t h e  commercial a v a i l a b i l i t y  of t h e  s y s t e m .  Most aerospace  

There i s  a ser ious time gap  between t h i s  
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o r g a n i z a t i o n s  do no t  have a commercial manufactur ing and market ing capa- 
b i l i t y  f o r  such s y s t e m s .  

The e f f e c t i v e n e s s  of space  l i f e  s c i e n c e  t r a n s f e r  i s  p a r t i c u l a r l y  
s e n s i t i v e  t o  o v e r a l l  funding  t r e n d s  i n  government-supported R&D. When 
space  budgets  are d e c l i n i n g ,  e s s e n t i a l  personnel  are f r e q u e n t l y  l o s t ,  
and t h e r e  is less money f o r  programs o u t s i d e  of major requirements .  
When f e d e r a l  biomedical  funds  are not growing, new programs e s s e n t i a l  
for t r a n s f e r  must compete w i t h  e s t a b l i s h e d  programs, and f r e q u e n t l y  budg- 
e ts  are completely committed. These c o n s i d e r a t i o n s  were very much i n  
ev idence  and f r e q u e n t l y  mentioned by i n t e r v i e t e e s  du r ing  t h e  s tudy .  

Assuming t h e  space  program resumes its h i s t o r i c  growth p a t t e r n  i n  
t h e  post-Vietnamese c o n f l i c t  t i m e  p e r i o d ,  t h e r e  could  be a great i n c r e a s e  
i n  i t e m s  w i th  t r a n s f e r  p o t e n t i a l .  A Voyager Mars mission, wi th  a f u l l y  
automated b i o l o g i c a l  l a b  c o n t a i n i n g  s e v e r a l  d i f f e r e n t  b a c t e r i a l  i d e n t i -  
f i c a t i o n  sys tems,  would have great c l i n i c a l  p o t e n t i a l .  A s  a confirmed 
n a t i o n a l  goal, t h e  i n i t i a l  b i o a s t r o n a u t i c s  R&D r e q u i r e d  f o r  manned plan-  
e t a r y  e x p l o r a t i o n  would provide  a cornucopia  of t r a n s f e r a b l e  technology 
f a r  i n  excess  of t h e  coit iparatively modest requi rements  of t h e  Apollo pro- 
gram. 
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BIOASTRONAUTICS OVERV IEQ 

For a l l  p r a c t i c a l  purposes ,  space  l i f e  sciences d i d  no t  r e a l l y  become 
a s i g n i f i c a n t  branch  of b i o l o g i c a l  r e s e a r c h  u n t i l  t h e  U.S.  space  program 
was e s t a b l i s h e d  as a major n a t i o n a l  e f for t  i n  1958. The Mercury program, 
which was also i n i t i a t e d  t h e  same y e a r ,  provided t h e  f irst  requirement  i n  
t h i s  coun t ry  t o  s tudy  e . f f e c t s  of t h e  a l i e n  environment of space  and weight- 
l e s s n e s s  on an  a d u l t  human. 
i n t o  popu la r  usage to  d e s c r i b e  a l l  s t u d i e s  r e l a t e d  t o  l i v i n g  organisms i n  
space .  I t  has  become a f i e l d  t h a t  encompasses eve ry  d i s c i p l i n e  and tech-  
nology t h a t  c o n t r i b u t e s  t o  t h e  s t u d y  of l i v i n g  phenomena. I n  a d d i t i o n  t o  
e s t a b l i s h i n g  t h e  working parameters  of a man i n  space  and p rov id ing  f o r  
h i s  l i f e  suppor t  and compensating for t h e  h o s t i l e  e f f e c t s  of  r a d i a t i o n  
and t h e  y e t  s p e c u l a t i v e  effects of l o n g  term we igh t l e s sness ,  o u r  space  
program h a s  also a t t empted  t o  i d e n t i f y  t h a t  l i v i n g  organisms may e x i s t  
on o t h e r  p l a n e t s  i n  t h e  solar system. A number of h i g h l y  ingenious  sys-  
tem have been developed t o  d e t e c t  the p resence  of such  organisms on o t h e r  
p l a n e t s ,  p r i n c i p a l l y  Mars. T h i s  new d i s c i p l i n e  was g i v e n  t h e  somewhat 
exot ic  name of "exobiology. The l i f e  d e t e c t i o n  systems developed f o r  
Voyager-type missions of fe r  great p o r t e n t  f o r  f u t u r e  c l i n i c a l  u s e  on 
e a r t h .  The f o r e s e e a b l e  transfer items are inc luded  i n  Table  2. 

I n  1959 a new term, " b i o a s t r o n a u t i c s , "  came 

11 

To s u s t a i n  a man i n  space ,  a small a r t i f i c i a l  world m u s t  be crea ted- -  
an  environment t h a t  must c o n t a i n  a t  least a minimum supply  of e v e r y t h i n g  
t h a t  we r e q u i r e  t o  ma in ta in  h e a l t h ,  mental  a l e r t n e s s ,  and p h y s i c a l  f i t -  
nes s  i n c l u d i n g  b r e a t h a b l e  a tmosphere,  a near optimum d i e t ,  exercise i n  
an  ex t remely  r e s t r i c t e d  environment ,  and a s y n e r g i s t i c  program of a c t i v -  
i t ies t h a t  w i l l  a lso allow a s l e e p  c y c l e  p e r m i t t i n g  a l e r t n e s s  and h e a l t h  
t o  be maintained.  Consequently , e v e r y t h i n g  t h a t  i n f l u e n c e s  t h e  a d u l t  had 
t o  be s t u d i e d  from bo th  t h e  t r a d i t i o n a l  a s p e c t s  and t h e  new view of oper-  
a t i n g  i n  a r e s t r i c t e d  environment wi th  we igh t l e s sness  as t h e  p r i n c i p a l  
unknown. Furthermore , w e  were d e a l i n g  w i t h  h e a l t h y  a d u l t s - - i n i t i a l l y ,  
tes t  p i l o t s  who are assumed to  be among t h e  f i n e s t  p h y s i c a l  specimens 
t o  be found i n  a large popu la t ion .  Th i s  was an  h i s t o r i c  d e p a r t u r e  from 
t h e  p a s t  s t u d i e s  of medicine t h a t  have concen t r a t ed  on p a t h o l o g i c a l  proc- 
esses found i n  a d u l t s  who are e i t h e r  ill or showing e a r l y  s igns  of ill- 
ness .  Bioastronautics was also concerned wi th  r e l a t i v e l y  young men as  
opposed to medical s t u d i e s  i n  t h e  p a s t  t h a t  have tended t o  concentrate 
on o l d e r  people .  I n v e s t i g a t i o n s  of c h i l d r e n  and young a d u l t s  have usu- 
a l l y  concen t r a t ed  on those  s u f f e r i n g  from various illnesses. A t  t h e  on- 
set of tlie space  program, i t  was found t h a t  l i t t l e  was known about  t h e  
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%ble 2 

MARS VOYAGER BIOmDICAL TECHNOLOGY TRANSFER OPTIONS 

Will Be Refined in Operational Voyager System 
or Will Be a Transfer Fallout 

Detection of Single Bacteria 

Laminar Airflow for Burn Victims 0 

Laminar Airflow Drug Manufacturing 0 

Automated Bacterial Detection 

Germ-Free Animal Requirements 

Heat Sterilizable Components and Subsystems 
f o r  Medical Requirements 

CBR Military Detection Systems 
1 

Automated Identification of Bacteria 

Sterilization Procedures for Surgery 

0 .  

0 .  

0 

0 

0 .  

0 

0 
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p h y s i o l o g i c a l  parameters  of a normal h e a l t h y  a d u l t ,  During t h e  p a s t  10 
years, a v a s t  amount of d a t a  was o b t a i n e d ,  and w e  are now a b l e  LO know 
what t h e  mental and p h y s i c a l  performance of  a h e a l t h y  human should  be 
under  a g iven  se t  of c i rcumstances  i n  any one of several d i f f e r e n t  en- 
v i ronments ,  These base - l ine  d a t a  are a l r e a d y  having ,and  w i l l  con t inue  
t o  have,  a great impact on t h e  emerging f i e l d  of  p r e v e n t a t i v e  or pred ic -  
t i v e  medicine. They are covered  i n  d e t a i l  i n  t h e  section on c l i n i c a l  
d a t a ,  

To de termine  t h e  p h y s i c a l  parameters  o f  a s t r o n a u t s  and a l s o  t o  mon- 
i t o r  t h e s e  parameters  d u r i n g  space  f l i g h t s ,  a v a r i e t y  of p h y s i o l o g i c a l  
i n s t r u m e n t a t i o n  has  been developed t h a t  has  g r e a t  p o t e n t i a l  i n  c l i n i c a l  
medicine both  f o r  t h e  i n d i v i d u a l  phys i c i an  and throughout  o u r  complex of 
c l i n i c s  and h o s p i t a l s .  These hardware dev ices  t end  t o  be t h e  more glam- 
o rous ,  or dramat i c ,  a s p e c t s  of space  l i f e  s c i e n c e ,  because t h e y  are per-  
haps t h e  most e a s i l y  unders tood  items f o r  t h e  l a y  p u b l i c  and i n  many cases 
f o r  t h e  s o p h i s t i c a t e d  rev iewer  such  as phys ic i ans  or s p e c i a l i s t s  who work 
o u t s i d e  t h e  biomedical  r e s e a r c h  f r a t e r n i t y .  Many of t h e s e  dev ices  have 
gone through c l i n i c a l  t r i a l s  and are beginning  t o  f i n d  t h e i r  way i n t o  gen- 
eral  medical  p r a c t i c e .  They are d i scussed  i n  d e t a i l  i n  t h e  s e c t i o n  en- 
t i t  l e  d ,  "I tems of Equipment T r a n s f e r  . " 

The space  program has produced many items i n  t h e  s c r e n d i p i t y  class 
t h a t  are be ing  inco rpora t ed  i n  c l i n i c a l  requi rements ,  a l t hough  they  were 
developed f o r  space  needs o u t s i d e  t h e  broad area of b i o a s t r o n a u t i c s .  
These s e r e n d i p i t y  items range from t i n y  motors t h a t  are now being used  
i n  kidney d i a l y s i s  machines and h e a r t  pumps t o  p r o s t h e t i c  imp lan t s  t h a t  
promise t o  have a t r o u b l e - f r e e  l i f e  i n  e x c e s s  of t h e  probable  number of 
years t h a t  t h e  p a t i e n t s  w i l l  s u r v i v e  a f te r  receiving t h e  l i f e - e x t e n d i n g  
implants .  

Perhaps  t h e  most s i g n i f i c a n t  s e r e n d i p i t y  l i f e - s c i e n c e  ca t egory  i s  
found i n  t h e  d i f f i c u l t  - t o -de f ine  area of advanced computer development 
and r e l a t e d  programming t echn iques ,  e s p e c i a l l y  mathematical  models t o  
s imula t e  t h e  l i f e  p rocesses .  Now t h e  b i o l o g i s t s  can  handle  a v a s t  amount 
of p h y s i o l o g i c a l  d a t a  from exper iments  and have some under s t and ing  of how 
they  interrelate  i n  l i v i n g  s y s t e m s ,  B i o a s t r o n a u t i c s  programming tech-  
n iques  w i l l  e v e n t u a l l y  allow biomedical  r e s e a r c h  t o  become f a r  more of 
an exact s c i e n c e  t h a n  i t  h a s  been i n  t h e  p a s t .  The reseanil t echn ique  
area of b i o a s t r o n a u t i c s  technology t r a n s f e r  is covered i n  t h e  sect ion 
en  t i t 1 ed , 'I Research Techniques . " 

I t  i s  widely recognized  t h a t  t h e  p r a c t i c e  of medicine i n c l u d i n g  t h e  
u s e  of technology found i n  our c l inics  and h o s p i t a l s  is f a r  behind t h e  
leve l  of use of technology p r e v a i l i n g  i n  t h e  advanced i n d u s t r i e s ,  p a r t i c a -  
l a r l y  t h e  aerospace  f i e l d .  Phys ic i ans  working 'across t h e  spectrum of 
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biomedical  r e s e a r c h  are almost unanimous i n  t h e i r  c o n t e n t i o n  t h a t  h i s t o r i -  
c a l l y  t h e r e  has  been a 10- t o  15-year  gap before new t echno log ie s  t h a t  are 
well e s t a b l i s h e d  i n  o t h e r  f i e l d s  are brought i n t o  common u s e  i n  c l i n i c a l  
medicine. The great cha l l enge  and p r i n c i p a l  goa l  of b i o a s t r o n a u t i c s  tech-  
nology t r a n s f e r  i s  t o  narrow t h i s  gap  and t o  make avai lable  t h e  s o p h i s t i -  
c a t e d  dev ices  and r e l a t e d  methodologies  i n  a reduced time pe r iod .  To some 
e x t e n t  t h i s  has  been accomplished i n  t h e  b r i e f  decade t h a t  b i o a s t r o n a u t i c s  
has  been a s i g n i f i c a n t  r e s e a r c h  f i e l d  wi th  large budgets. A g r e a t  d e a l  
has  been done t o  t r a n s f e r  t h e  t echn ique  dev ices  and new knowledge of c l i n -  
ical  medicine. The a l r e a d v  measurable impact of space  l i f e  science is  
covered i n  t h e  s e c t i o n ,  "Items of Equipment T rans fe r . "  

The ve ry  fac t  t h a t  t h e r e  has  a l r e a d y  been an impact is  impor t an t ,  
because i t  shows t h a t  t h e  t r a d i t i o n a l  10- t o  15-year  technology gap  has  
been breached and t h e  p u b l i c  i s  b e n e f i t i n g  from t h e  c l i n i c a l  u s e  of space  
medicine which w i l l  o f f e r  impor tan t  s o l u t i o n s  t o  o u r  mounting c l i n i c a l  
problems i n  our crowded h o s p i t a l s  and o t h e r  p l a c e s  where people  s e e k  
needed and p r e v e n t a t i v e  medical  t r ea tmen t .  

There are o t h e r  very  d e f i n i t e  t r a n s f e r  b a r r i e r s  i n  b r i n g i n g  t h e  re- 
s u l t s  of b i o a s t r o n a u t i c s  to  t h e  a t t e n t i o n  of and u s e  by r e s e a r c h  b io lo -  
g i s t s ,  phys i c i ans ,  and p r a c t i t i o n e r s  of t h e  medical  a r t s  throughout  o u r  
$50 b i l l i o n  a y e a r  complex of h o s p i t a l s ,  c l i n i c s ,  and biomedical  l abo ra -  
tories. T h i s  b a r r i e r ' p r i m a r i l y  stems from t h e  fac t  t h a t  t h e  c o r p o r a t i o n s ,  
government agencies, and n o n p r o f i t  i n s t i t u t i o n s  t h a t  have developed t h e  
actual  hardware f o r  b i o a s t r o n a u t i c s  requi rements  do n o t  have a commercial 
manufactur ing c a p a b i l i t y  to  produce s y s t e m s  for c l i n i c a l  markets .  There 
are o t h e r  r e l a t e d  and u n r e l a t e d  p a t t e r n s  t h a t  conLr ibute  t o  t h e  b a r r i e r .  
They are f u l l y  exp lo red  i n  t h e  s e c t i o n ,  "Adaptat ion Problems and Some 
P o s s i b l e  So1i:tions." 

The g r e a t  p o t e n t i a l  of b i o a s t r o n a u t i c s  technology t r a n s f e r  l i es  i n  
t h e  y e a r s  ahead. The f u t u r e  c l i n i c a l  and r e s e a r c h  impact is exp lo red  i n  
t h e  f i n a l  s e c t i o n  of t h e  r e p o r t .  There w i l l  be t h e  t r a d i t i o n a l  form of  
t r ans fe r  c a r r i e d  out  as b i o a s t r o n a u t i c s  s p e c i a l i s t s  move from space  K&D 
i n t o  o t h e r  r e s e a r c h  and c l in ice l  programs, C u r r e n t l y ,  t h i s  p r o c e s s  i s  
going  on at 3 r a p i d  ra te ,  because d e c l i r i n g  space  budgets  have caused 
severe cutbacks  i n  t h e  l i f e  s c i e n c e  groups p r i m a r i l y  o r i e n t e d  toward 
b i o a s t r o n a u t i c s .  I n  many cases t h e s e  groups were formed i n  a n t i c i p a t i o n  
of a l e v e l  of b i o a s t r o n a u t i c s  fund ing  t h a t  never  m a t e r i a l i z e d .  Conse- 
quen t ly ,  many people  who have worked i n  t h e  space  l i f e  s c i e n c e s  for  a 
compara t ive ly  s h o r t  time p e r i o d ,  s a y  3 t o  5 years, are d i s semina t ing  t h e  
u s e f u l  b i o a s t r o n a u t i c s  technology as they  assume new p o s i t i o n s  o u t s i d e  
t h e  space  f i e l d .  



>. determined e f f o r t  t o  inaster t h e  t r a n s f e r  process  is l i k e l y  t o  ba 
t h e  k e y  t o  success i n  t h e  f u t u r e ,  The d e s i r e  of aerospace  o r g a n i z a t i o n s  
t o  d i v e r s i f y  o u t s i d e  space  markets  w i l l  h e l p  ensure t h a t  t h e r e  w i l l  be 
more e f f e c t i v e  l i f e  science technology i n  t i le i u t u r e  than  t h e r e  has been 
i n  t h e  p a s t .  The medical market is  a l so  l i k e l y  t o  grow much f a s t e r  i n  
t he  next  t e n  y e a r s  t han  i t  has  i n  t h e  p a s t  decade,  

Fede ra l  Biomedical Funding Suppo-t --- -- 
During t h e  p a s t  20 years, f e d e r a l  funding  f o r  a l l  biomedical  r e s e a r c h  

has  growl1 from $50 m i l l i o n  i n  1948 t o  an e s t i m a t e d  $1..67 b i l l i o n  i n  1968. 
Table  3 shows t h e  r e l a t i o n s h i p  between governmental ,  i n d u s t r i a l ,  and o t h e r  
p r i v a t e  funding  f o r  l i f e  s c i e n c e  R&D dur ing  t h i s  pe r iod .  'Ihe f e d e r a l  sup- 
p o r t  grew f a s t e r  t han  a l l  t h e  o t h e r  R&D sources. I n  r e c e n t  y e a r s  t h e r e  
has  been about  a 3 t o  1 ra t io  between governmental and p r i v a t e  l i l ' k  sci- 
ence suppor t .  

Table  4 shows a breakdown of f e d e r a l  biomedical  R&D suppor t  among 
d i f f e r e n t  branches of t h e  gob-rnment du r ing  t h e  p a s t  20 years, The domi- 
nan t  role of N I H  can be e a s i l y  seen. Du?:ing t h e  p a s t  t e n  y e a r s  N I H  h a s  
r ece ived  more than  h a l f  t h e  f e d e r a l  biomedical  r e s e a r c h  funds.  NASA's 
impact can be seen i n  i ts  growing budgets ,  r e p r e s e n t i n g  between 5 and 6 
pe rcen t  of t h e  total  du r ing  t h e  p a s t  f o u r  years. I t  should  be mentioned 
t h a t  t h e  biomedlcal  t r a n s f e r  p o t e n t i a l  of a s t r o n a u t i c s  comes from t h e  en-  
t i re  space  program, and i t s  p o t e n t i a l  impzct i s  g r e a t e r  than t h a t  sugges t ed  
by A i r  Force  and NASA b i o a s t r o n a u t i c s  budgets .  

I n  c o n s i d e r i n g  t h e  t o t a l  f e d e r a l  suppor t  L;ia? * i g h t  a f f e c t  bioas-.:ro- 
n a u t i c s  technology transfer,  i t  is  u s e f u l  t o  CU.;:-. , s t .  - f e d e r a l  medical  fund- 
i n g  i n  areas o u t s i d e  R&D. Table  5 shows a l l  f e d e r a l  h e a i t h - r e l a t e d  expend-. 
i t u r e s  f o r  FY 1968. These furids create a d i r e c t  and i n d i r e c t  market f o r  
t h e  space  t r a n s f e r  a r e a s  cons ide red  i n  t h i s  r e p o r t .  

Fu tu re  Space Program Rationale 

Only a handful  of s c i e n t i s t s  j.n t h e  Uni ted  S t a t e s  were engaged i n  
f u l l - t i m e  b i o a s t r o n a u t i c s  r e s e a r c h  b e f o r e  t h e  launching  of Sputn ik  i n  
October  1957. The very  r a p i d  growth of bo th  DOD and VASA space  a c t i v i t i e s  
was accomplished p r i m a r i l y  by t h o s e  who had been concerned wi th  a v i a t i o n  
medicine i n  t h e  years be fo re  Spu tn ik ,  These f l i g h t  surgeons  and o t h e r  
s p e c i a l i s t s  were a b l e  t o  s h i f t  q u i c k l y  i n t o  b i o a s t r o n a u t i c s  where t h e  re- 
quirements  are very similar t o  t h o s e  i n  t h e  a i r c r a f t  f i e l d ,  During t h e  
f i r s t  f i v e  or s i x  y e a r s  of t h e  American space  program (1958 t o  19641, 
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t h e r e  was a s h o r t a g e  of exper ienced  people  t o  s e r v e  as p r i n c i p a l  s c i e n -  
t ists  and managers f o r  t h e  many space  l i f e  s c i e n c e  programs t h a t  were 
i n i t i a t e d  a t  t h a t  time. One can recall  no warning t h a t  t h e  space  pro- 
gram would be c u r t a i l e d  as d r a s t i c a l l y  as i t  h a s  been du r ing  t h e  p a s t  
two yea r s .  Consequent ly ,  everyone i n  t h e  g e n e r a l  f i e l d  of a s t r o n a u t i c s  
expec ted  t h a t  t h e  p a t t e r n  of growth would con t inue  for a time, perhaps 
l e v e l i n g  o f f  around 1970 or 1971. The re fo re ,  very  l i t t l e  thought  was 
g iven  t o  t h e  s u b j e c t  of technology t r a n s f e r  by t h o s e  i n  t h e  organiza-  
t i o n s  engaged i n  a s t r o n a u t i c s  systems development, even though technol -  
ogy t r a n s f e r  goals were w r i t t e n  i n t o  t h e  o r i g i n a l  l e g i s l a t i o n  s e t t i n g  u p  
NASA as t h e  p r i n c i p a l  agency t o  conduct  nonmi l i t a ry  space  e x p l o r a t i o n .  

From October  1957 through 1965, we were a c t u a l l y  i n  a space  race 
wi th  t h e  S o v i e t  Union. I n  t h e  s p r i n g  of 1961, t h e  l a t e  P r e s i d e n t  John F. 
Kennedy dec ided  t o  make a manned l u n a r  l a n d i n g  t h e  c e n t r a l  o b j e c t i v e  of 
o u r  space  program d u r i n g  1961 to  1970. The major NASA programs of t h i s  
decade have been e i t h e r  d i r e c t l y  r e l a t e d  t o  Apollo or i n  suppor t  of Apollo. 
When one c o n s i d e r s  t h a t  we had a r e l a t i v e l y  l a t e  s t a r t  and t h a t  t h e  Rus- 
s i a n s  i n i t i a l l y  had s u p e r i o r  launch  v e h i c l e s ,  t h e  p e r i o d  from 1960 through 
1965 con ta ined  many remarkable  successes. The U.S.  p u b l i c  w a s  e n t h r a l l e d  
wi th  t h e  space  program. T e l e v i s i o n  viewing of launches  a l lowed a v i c a r i -  
ous p a r t i c i p a t i o n  t h a t  was assumed would con t inue  throughout  t h e  decade. 
The e s c a l a t i n g  cost of t h e  Vietnamese w a r ,  t h e  crisis i n  t h e  ci t ies,  and 
t h e  fact  t h a t  t h r e e  a s t r o n a u t s  were k i l l e d  i n  t h e  Apol lo  f i r e  i n  Janua ry  
1967 a l l  c o n t r i b u t e d  t o  a l e s s e n i n g  of p u b l i c  suppor t  f o r  a s t r o n a u t i c s .  
During t h e  p a s t  y e a r  and a h a l f ,  t h e  space  program has  a c t u a l l y  become 
a whipping boy for  i n d i v i d u a l s  who contend  t h a t  t h e s e  funds  shou ld  be 
s p e n t  on p u b l i c  welfare, t h e  problems of t h e  g h e t t o ,  and a h o s t  of o t h e r  
s p e c i a l  causes .  

The s e v e r e  f i sca l  p r e s s u r e s  of t h e  Vietnamese c o n f l i c t  are p r i m a r i l v  
res .>ons ib le  for  t h e  p r e s e n t  slowdown i n  t h e  space  program. A prudent  nian 
would not  p r e d i c t  when such  a w a r  i s  l i k e l y  t o  te rmina te .  I f  t h e  p r e s e n t  
n e g o t i a t i o n s  i n  Paris l e a d  t o  a s a t i s f a c t o r y  set t l .ement  t h a t  w i l l  al low 
m i l i t a r y  expend i tu re s  t o  be e a s e d  i n  1969, t h e  g r e a t e s t  f i s c a l  b a r r i e r  
t o  o u r  p r e s e n t  space  program would be r e l i e v e d .  One can  assume t h a t  a 
h o s t  of p r e v i o u s l y  scheduled  programs such  as Voyager t h a t  are now i n  
limbo w i l l  be r e s u r r e c t e d  and funded. If t h e r e  is an a s t r o n a u t i c  ren- 
a i s s a n c e  i n  t h e  post-1969 t i m e  p e r i o d ,  we are l i k e l y  t o  see a great d e a l  
more a t t e n t i o n  g i v e n  t o  t h e  technology t r a n s f e r  p o t e n t i a l  of a l l  t h e  new 
space  programs as w e l l  as i n c r e a s e d  t r a n s f e r  e f for t s  d i r e c t e d  toward t h e  
o l d e r  programs. 

A program such  as Voyager, w i th  a n  automated b i o l o g i c a l  l a b o r a t o r y ,  
would have immediate transfer p o t e n t i a l  even  b e f o r e  t h e  f i r s t  sys tem is 
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l aunched  toward Mars. If t h e  mis takes  of t h e  f i r s t  decade of  space  explo-  
r a t ion  are w e l l  unders tood ,  t h e n  t h e  technology t r a n s f e r  p r o c e s s  w i l l  be 
t h e  c e n t e r  of immediate a t t e n t i o n  throughout  t h e  a n t i c i p a t e d  renaissance 
i n  t h e  e a r l y  1970s. The p o t e n t i a l  impact of t i m e l y  technology transfer 
i n  b i o a s t r o n a u t i c s  and o t h e r  space  d i s c i p l i n e s  would h e l p  ensure t h a t  
t h e r e  would be a c o n t i n u i n g  l e v e l  of p u b l i c  suppor t  for t h e  space  pro- 
gram t h a t  hope fu l ly  would be con t inued  i n  t h e  remaining decades of t h i s  
cen tu ry  wi thout  t h e  peaks and v a l l e y s  t h a t  c h a r a c t e r i z e d  its e a r l y  yea r s .  
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CLINICAL DATA--THE HEALTHY ADULT 

Medical r e sea rch  has  been h i s t o r i c a l l y  concerned wi th  t h e  s tudy  of 
v a r i o u s  d i s e a s e  processes  wi th  t h e  goa l  of  c u r i n g  or f avorab ly  modifying 
t h e s e  d e l e t e r i o u s  changes i n  humans. The emphasis has been p laced  on 
studies of people  who are a l r e a d y  s u f f e r i n g  from some i l l n e s s ,  p r i n c i -  
p a l l y  degene ra t ive  d i s e a s e s  such  as cancer and c a r d i o v a s c u l a r  d i s tu rbances .  
The h e a l t h y  a d u l t  has  been s t u d i e d  i n  t h e  p a s t  t o  provide  base - l ine  d a t a .  
However, t h e  space  program gave a s i g n i f i c a n t  emphasis t o  o b t a i n i n g  d a t a  
on humans who are i n  p e r f e c t  h e a l t h .  I t  i s  n a t u r a l l y  assumed t h a t  astro- 
n a u t s  w i l l  be s e l e c t e d  from a pool of cand ida te s  who are not  d i s e a s e d  and 
are r e p r e s e n t a t i v e  of n e a r  p e r f e c t  p h y s i c a l  specimens. Consequently,  NASA 
biomedical  r e s e a r c h  has  been p r i m a r i l y  concerned wi th  de te rmining  t h e  phys- 
i o l o g i c a l  parameters  of a h e a l t h y  a d u l t  i n  a normal. terrestrial envi ron-  
ment and also i n  t h e  v a r i o u s  abnormal environments  p e c u l i a r  t o  space  ex- 
p l o r a t i o n ,  i nc lud ing  we igh t l e s sness  and lower than  normal g r a v i t y  environ-  
ments on t h e  l u n a r  s u r f a c e  and on o t h e r  members of t h e  s o l a r  system. 

A s p a c e c r a f t  or l u n a r  base must d u p l i c a t e  t o  a c e r t a i n  e x t e n t  t h e  es- 
s e n t i a l  p o r t i o n s  of t h e  terrestrial environment needed t o  keep an  a s t r o n a u t  
a l i v e  and a b l e  t o  f u n c t i o n  i n  a n  optimum manner. Consequently,  eve ry  as- 
pec t  of t h e  environment h a s  been s t u d i e d ,  i n c l u d i n g  t h e  e f f e c t s  of g r a v i t y ,  
atmosphere composi t ion,  confinement ,  e x e r c i s e ,  n u t r i t i o n ,  d e f e c t i o n ,  water 
ba lance  and u r i n e ,  c i r c a d i a n  and work c y c l e s ,  and s y n e r g i s t i c  r e l a t i o n s h i p s  
between v a r i o u s  environmental  f a c t o r s .  

Table  6 lists t h e  s p e c i f i c  areas t h a t  must be cons idered  i n  s p a c e c r a f t  
des ign  and t h e  e v a l u a t i o n  parameters  f o r  space  s u i t s ,  l u n a r  bases ,  or any 
n o n t e r r e s t r i a l  environment i n  which an a s t r o n a u t  may be expec ted  t o  work, 
s l e e p ,  and perform o t h e r  normal phys io log ica l  f u n c t i o n s .  

The phys io log ica l  and environmental  areas i n  Table  6 cover  a lmost  
every  important  or major parameter  necessary f o r  optimum h e a l t h .  Each 
area was i n t e n s i v e l y  s t u d i e d  be fo re  t h e  manned space  program wi th  t h e  ex- 
c e p t i o n  of we igh t l e s sness .  There had been cons ide rab le  A i r  Force r e s e a r c h  
on a c c e l e r a t i o n  b e f o r e  1958, bu t  i t  had a p a r t i a l  space  o r i e n t a t i o n ,  

The important  d i f f e r e n c e  or new c o n t r i b u t i o n  t h a t  i s  coming o u t  of 
space  r e sea rch  i n  t h e  areas l i s t e d  i n  Table  6 is t h e  f a c t  t h a t  a l l  t h e s e  
parameters  are being s t u d i e d  t o g e t h e r  r a t h e r  than  s e p a r a t e l y .  Space 
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Table 6 

PRINCIPAL PHYSICAL AND ENVIRONMENTAL PARAMETERS 

PERFORMANCE AND MAINTENANCE 
THAT MUST BE CONSIDERED IN HUMAN EXTRATERRESTRIAL 

At mos phe re 
Toxicology 
Acceleration 
Weightlessness 
Impact and vibration 
Pressure 
Temperature 
Radiation 
Combined stresses 
Energy 

Food 
Water 
Waste 
Size and motion 
Breathing 
Hearing 
Vision 
Human operation 
Vestibular system 
Circadian and work cycle 

Source: Bioastronautics Data Book, Paul Webb, M.D., 
editor, NASA SP-3006. 

requirements have forced scientists to take an interdisciplinarian ap- 
proach to every design requirement where man is part of the total system. 
Synergistic relationships between the various parameters are now better 
understood. 

Actually, the 20 areas listed in Table 6 are broad categories that 
must be broken down into major subcategories for full evaluation of space- 
craft design and the man/machine command and control requirements. D r .  
Frederic B. Benjamin3 of NASA OART has prepared a matrix breaking down 
these areas into 56 major environmental parameters and 136 major psycho- 
logical/physiological parameters. His approach permits information on 
the intersection of each point of the mati-ix to be stored on a computer 
so that it can be picked out when it might apply to any other item on 
either the environmental or psychological/physiological side. A repre- 
sentative sample of the items covered in D r .  Benjamin's matrix is pre- 
sented in Table 7 .  

The use of the computer to handle a vast amount of environmental and 
psychological/physiological data relative to a healthy adult is an ex- 
tremely important transfer contribution of space bir.nedicine. Dr, Ben- 
jamin has observed that a submatrix is actually required to handle all 
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Table 7 

SAMPLE AREAS SHOWING BIOASTRONAUTIC INTERRELATIONSHIP 

Psychological/ 
Physiological 

Environmental 
Parameters 

Uicrowave Radiation 
Electromagnetic Environment 
Light 
Visible 
Ultraviolet 

X-ray 
Gamma Ray 
Beta Ray (electrons) 
Protons 
Neutrons 
Alpha Particles 
Heavy Nuclei 
Strange Particles 

Magnetic Fields 
Electric Currents 

Thermal Environment 
Heat 
Cold 

Linear Acceleration 

Ionizing Radiation 

Gravitational Environment 

+GX 

+Gz 
-Gx 
-GY 
-Gz 
Impact 

Rx,y tumbling 
R, spin 
Coriolis Factors 

Subgrav i t y 
Zero Gravity 
Oscillation 
Vi brat ion 
Sound and Noise 

Rotary Acceleration 

- 
Vel . 
I 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I1 
I1 

I1 
I1 

I1 
I1 
I1 
I1 
I1 
I1 
I1 

I1 
I1 
I1 
11 
I1 

111 
111 - 

- 
Std. 

1 
- 

2 
2 

3 
3 
3 
3 
3 
3 
3 
3 
4 
5 

6 
6 

7 
7 
7 
7 
7 
7 
7 

7 
7 
7 
7 
7 

8 
9 - 
22 

01 

02 
03 

04 
05 
06 
07 
08 
09 
10 
11 
12 
13 

14 
15 

16 
17 
18 
19 
20 
21 
22 

23 
24 
25 
26 
27 

28 
29 

a 

a 

ic - 

d 
0 
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cd 
c, a 
cd 
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t h e  d a t a  f o r  each i n t e r a c t i o n  area. A computer program can meet t h i s  re- 
quirement by t r e a t i n g  t h e  e n t i r e  body of d a t a  as a three-d imens iona l  ma- 
t r i x .  Th i s  has  a l r e a d y  been done. The same b a s i c  approach cou ld  permi t  
an even more complex mul t id imens iona l  mathematical  computat ion of da t a .  

The use  of a computer program to  p u l l  t o g e t h e r  a l l  t h e  p e r t i n e n t  d a t a  
on a h e a l t h y  a d u l t  t o  provide  answers  to  each  prede termined  s p a c e  exp lo ra -  
t i o n  requirement  r e p r e s e n t s  a new approach t o  b a s i c  biomedical  problems. 
The same b a s i c  ma t r ix  r e f i n e d  by NASA can  be modif ied t o  p rov ide  a t o t a l  
view of a l l  t h e  environmental  and psychological/physiological d a t a  t h a t  
inPluence  any s i n g l e  d i s e a s e  or combinat ion of d i s e a s e s .  The methodolog- 
i c a l  approach i s  now a v a i l a b l e  and can be e a s i l y  modif ied €or implemen- 
t a t i o n  i n  o t h e r  areas where t h e r e  i s  a need t o  b r i n g  t o g e t h e r  a l l  t h e  per-  
t i n e n t  d a t a  from many d i v e r s e  r e s e a r c h  e f f o r t s .  

B i o a s t r o n a u t i c s  has  brought  t h e  t o t a l  systems approach i n t o  biomedi- 
c i n e .  The u s e  of computer programming, d a t a  s t o r a g e ,  and inathematical 
manipula t ion  of d a t a  is necessa ry ,  f o r  no s i n g l e  mind cou ld  f i n d  or f u l l y  
unders tand  a l l  t h e  m a t r i x  i n t e r s e c t i o n  d a t a  r e l a t i o n s h i p s ,  even i f  one 
were t o  review a l l  t h e  o r i g i n a l  r e p o r t s ,  pape r s ,  and so f o r t h  (assuming 
t h a t  one person  would be conversant  i n  a l l  t h e  d i s c i p l i n e s ) .  The use  of 
similar computer ized t echn iques  w i l l  be e s s e n t i a l  i n  f u l l y  unders tanding  
t h e  cause  and p o s s i b l e  p reven t ion  or cure of major d i s e a s e s .  

Colonel  Hamilton B.  Webb3' of t h e  A i r  Force  h a s  concluded t h a t  a 
similar t r a n s f e r  d iv idend from space  computer requi rements  i n  biomedicine 
e x i s t s  i n  t h e  n.ew f i e l d  of "mul t iphas i c  sc reening ."  Here, automated sys-  
tems can measure EKG, EEG, blood p r e s s u r e ,  t empera tu re ,  and t h e  l i k e ,  and 
t h e  d a t a  can  be d i g i t i z e d  and s t o r e d  f o r  permanent r eco rd  or compared wi th  
a mathematical  model of what i t  would be i n  a normal h e a l t h y  a d u l t .  

D r .  Webb concludes  t h a t  a space  d iv idend  of v i t a l  importance t o  m u l t i -  
phas i c  s c reen ing  i s  t h e  t e l e m e t e r i n g  of such  d a t a  from a c t i v e  a d u l t s ,  per- 
m i t t i n g  measurements t h a t  are s i g n i f i c a n t l y  d i f f e r e n t  from those  o b t a i n e d  
from a n  i n d i v i d u a l  c o n s t r a i n e d  by bulky moni tor ing  equipment (program 
under  way a t  USAF School of Aerospace Medicine). The m i n i a t u r i z a t i o n  
pe rmi t s  an i n c r e a s i n g  number of p h y s i o l o g i c a l  f u n c t i o n s  t o  be inc luded  
i n  a t e l e m e t e r i n g  backpack of r easonab le  weight and s i z e .  

During t h e  next  decade t h e  resul ts  of m u l t i p h a s i c  t e s t i n g  w i l l  be 
au tomaz ica l ly  compared wi th  a computer-s tored envi ronmenta l  and psycho- 
l o g i c a l / p h y s i o l o g i c a l  p r o f i l e  of what t h e  measurements should  be i n  a 
h e a l t h y  a d u l t  of a g i v e n  age .  Deviat ions,  even s u b t l e  ones,  w i l l  be 
i d e n t i f i e d ,  Th i s  p rocess  w i l l  permi t  p r e d i c t i v e  medicine t o  be p a r t l y  
automated, and a t  a s u f f i c i e n t l y  low cost t o  be a v a i l a b l e  t o  t h e  g e n e r a l  
p u b l i c .  5 
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H u n t s v i l l e  Phys io log ica l  Monitor ing Program 

The SysteMed Corpora t ion  of Newport Beach, Cal i forn ia ,  has a c o n t r a c t  
t o  monitor  NASA personnel  a t  H u n t s v i l l e  while  they are engaged i n  normal 
working a c t i v i t i e s .  A small tape r e c o r d e r  i s  s t r a p p e d  on, a l lowing  a per-  
manent r eco rd  of EKG and r e s p i r a t i o n  t o  be maintained.  
employees and not  i n d i v i d u a l s  who would be cons ide red  i n  t he  a s t r o n a u t  
class of phys i ca l  f i t n e s s .  The monitored personnel  wear t h e  t a p e  r eco rde r  
and o t h e r  p o r t i o n s  of t h e  moni tor ing  sys t em f o r  p e r i o d s  up t o  12 hours .  
The H u n t s v i l l e  program also i n c l u d e s  a cardiopulmonary f a c i l i t y  for exam- 
i n a t i o n s  t o  s tudy  phys io log ica l  stress of people  a t  work i n  t h e  l a b o r a t o r y .  
The d a t a  are telemetered u s i n g  equipment developed i n  t h e  space  program. 
The telemetered phys io log ica l  d a t a  provide  better informat ion  than  t h a t  
ob ta ined  by u s i n g  hard  wires. The people  undergoing examinat ion are more 
or less f r e e  t o  engage i n  p h y s i c a l  ac t iv i t ies  inc lud ing  . d t s  such as wa lk -  
ing on a t r e a d m i l l .  Dr. B. D w i g h t  Culver ,8  t h e  P r e s i d e n t  of SysteMed, has  
s a i d  t h a t  one of t h e i r  p re l imina ry  conc lus ions  i s  that people  who are sub- 
ject  t o  r e s p o n s i b i l i t y  appear  to  e x h i b i t  greater stress than  those  w i t h  
less r e s p o n s i b i l i t y .  H e  also c i t e s  the  conc lus ions  of D r .  James Roman, 
of Edwards A i r  Force Base, who is  i n  charge of a s t r o n a u t  t r a i n i n g .  Dr. 
Roman is r e p o r t e d  t o  have concluded that r e s p o n s i b i l i t y  r a t h e r  than  danger  
produces t h e  greatest  stress, and he i n c l u d e s  d a t a  from t h e  X-15  f l i g h t s  
i n  h i s  a n a l y s i s .  

These are r e g u l a r  

SysteMed Corpora t ion  i s  a s p i n o f f  group from Aero je t  General  and has 
been o p e r a t i n g  independent ly  s i n c e  A p r i l  1, 1968. A p r i n c i p a l  goa l  i n  t h e  
H u n t s v i l l e  program is  t o  r e f i n e  s t a n d a r d  phys io log ica l  models t h a t  w i l l  
allow b e t t e r  measurement of stress i n  a workir,g environment among normal,  
hea l thy  adul t s - -not  the “exemplary” v a r i e t y  t h a t  would be chosen f o r  as- 
t r o n a u t  t r a i n i n g .  Even tua l ly ,  t h e  SysteMed people  hope t o  be able t o  e v a l -  
u a t e  as many as 18 s e p a r a t e  p h y s i o l o g i c a l  f u n c t i o n s  i n t e g r a t e d  t o g e t h e r  
t o  show any s y n e r g i s t i c  r e l a t i o n s h i p s  between t h e  va r ious  f u n c t i o n s  i n  
the working environment.  When t h i s  systematic approach t o  t h e  e v a l u a t i o n  
of work environment on a d u l t s  is f u l l y  r e f i n e d ,  i t  w i l l  permit  d e v i a t i o n s  
from the  norm dur ing  working ac t iv i t ies  t o  be i d e n t i f i e d .  Optimized j o b  
assignments  and the  p reven t ion  of undue stress l e a d i n g  t o  d i s e a s e  w i l l  
then be p o s s i b l e  t o  a f a r  greater e x t e n t  than  by p r e s e n t  techniques .  

The e v a l u a t i o n  of l a r g e  amounts of phys io log ica l  d a t a  taken  o v e r  a 
pe r iod  o f  many hours  on a s i n g l e  person ,  day a f t e r  day, r e q u i r e s  t h e  u s e  
of t h i r d  g e n e r a t i o n  computers by SysteMed to  provide  an  e v a l u a t i o n  of 
s y n e r g i s t i c  r e l a t i o n s h i p s  between t h e  major f u n c t i o n s .  The space  bio-  
medical u se  of the computer i s  again i n  ev idence .  
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Dissemination of  Data 

Almost eve ry  biomedical  s p e c i a l i s t  i n t e rv i ewed ,  who was c u r r e n t l y  
a c t i v e  or had been ac t ive  i n  b i o a s t r o n a u t i c s ,  s t r e s s e d  t h e  importance 
of f i n d i n g  and r e f i n i n g  base - l ine  d a t a  on t h e  normal h e a l t h y  a d u l t ,  They 
a l l  cons ide red  t h e  s u b j e c t s  covered  i n  t h i s  sec t ion  to  be one of t h e  most 
impor tan t  c o n t r i b u t i o n s  t h a t  t h e  space  biomedicine has  made from a t rans-  
f e r  s t a n d p o i n t ,  I t  was of equa l  i n t e r e s t  t h a t  t h e  var ious s p e c i a l i s t s  
i n  h o s p i t a l s  and u n i v e r s i t i e s  who have n o t  been a c t i v e  i n  b i o a s t r o n a u t i c s  
d i d  n o t  c o n s i d e r  t h i s  as something of v a l u e  coming o u t  of t h e  space  pro- 
gram. For  t h e  most p a r t ,  they  were no t  aware of t h e  v a s t  amount of d a t a  
t h a t  is a l r e a d y  be ing  compiled i n  v a r i o u s  NASA and A i r  Force  s t u d i e s .  
D. L. Carpenter7  of McDonnell-Douglas has  observed t h a t  t h e  base - l ine  
d a t a  on t h e  h e a l t h y  a d u l t  coming P r o m  space  biomedical  r e s e a r c h  does not  
y e t  appea r  t o  be f i n d i n g  i t s  way i n t o  r e f e r e n c e  t a b l e s  i n  human phys io l -  
ogy tex tbooks  and o t h e r  medical  r e f e r e n c e s ,  H e  concludes  t h a t  t h e  b a s i c  
problem is  t h a t  t h e  comrilers of such  tex tbooks  are no t  aware of t h e  
p h y s i o l o g i c a l  base - l ine  d a t a  compiled i n  t h e  v a r i o u s  space  programs, 

S e r i o u s  a t t e n t i o n  should  be g i v e n  t o  t h e  p o s s i b i l i t y  of b r i n g i n g  to- 
g e t h e r  and summarizing a l l  t h e  p h y s i o l o g i c a l  d a t a  on t h e  normal h e a l t h y  
a d u l t  compiled by NASA arid t h e  A i r  Force  f o r  space  requi rements ,  They 
might be summarized best  i n  a one- or two-volume monograph p i e s e n t i n g  
t h e  d a t a  i n  t h e  form most u s e f u l  f o r  medical or b i o l o g i c a l  r e s e a r c h e r s  
engaged i n  a v a r i e t y  of nonspace i n v e s t i g a t i o n s .  Such a monograph could  
be p repa red  i n t e r n a l l y  by NASA and p o s s i b l y  pub l i shed  by one of  t h e  or- 
g a n i z a t i o n s  s p e c i a l i z i n g  i n  t h e  p u b l i c a t i o n  of medical  tex tbooks .  The 
monograph Ir.ight be  updated on a f i v e - y e a r  b a s i s  as i n f o r n a t i o n  is  r e f i n e d  
and new d a t a  g a t h e r e d  Prom new s t u d i e s .  The e x i s t e n c e  of such  a monograph 
could  be brought  t o  t h e  a t t e n t i o n  of biomedical  s c i e n t i s t s  th rough reviews 
i n  a p p r o p r i a t e  s c i e n t i f i c  j o u r n a l s .  The sales would probably  o f f s e t  pub- 
l i ca t ion  costs, so t h e  pr imary fund ing  requi rements  would be l i m i t e d  t o  
t h e  e v a l u a t i o n  and summarizat ion of d a t a  a l r e a d y  i n  hand. 
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ITEMS OF EQUIPMENT TRANSFER 

The f o c u s  of technoLogy t r a n s f e r  i n  b i o a s t r o n a u t i c s  was i n i t i a l l y  
c e n t e r e d  on t h e  primary o b j e c t i v e s  of modifying t h e  actual hardware de- 
veloped f o r  l i f e  s u p p o r t ,  exobio logy ,  b a c t e r i a l  d e t e c t i o n ,  I h y s i o l o g i c a l  
moni tor ing ,  and o t h e r  l i f e  s c i e n c e  systems t o  meet w e l l  i d e n t i f i e d  r equ i r e -  
ments i n  c l i n i c a l  medicine and r e l a t e d  areas i n  t h e  broad f i e l d  of pi lbl ic  
h e a l t h .  A f t e r  1 0  y e a r s ,  a d e f i n i t e  conclusion can be p resen ted  r ega rd ing  
t h e  p r e s e n t  s ta tus  of technology t r a n s f e r  of s p e c i f i c  equipment items i n t o  
c l i n i c a l  acceptance  and subsequent  widespread use  of p h y s i c i a n s ,  cJFerating 
independent ly  or i n  c l i n i c s  and h o s p i t a l s .  The p r i n c i n a l  conc lus ion  t h a t  
c a n  be clearly d e f i n e d  a t  t h e  p r e s e n t  time is t h a t  t h e  t i -ansfer  p rocess  
has  been reasonably  e f f e c t i v e  through t h e  c l i n i c a l  t e s t i n g  phase ,  bu t  cha t  
THERE I S  A VERY SERIOUS TIME GAP OR BARRIER BETWEEN THE ACCEi’TANCE OF TI3  
CLINICAL TESTING LEVEL AND TfiE WIDESPREAD DISTRIBUTION OF THE SYSTEM I N  
THOSE SECTORS OF MEDICINE WHERE THF. USER REQUIREMENTS ARE TO BE FOUND. 

Some of t h e  equipment items t h a t  have been s u b j e c t  t o  s i g n i f i c a n t  
de l ays  between c l in ica l  t e s t ing  and widespread d i s t r i b u t i o n  are l i s t e d  
i n  Table  8 .  

Table  8 

REPRESENTATIVE SAMPLE OF BIOASTRONAUTICS SYSTEMS DELAYED 
BETWEEN CLINICAL TESTING AND WIDESFREAD DISTHIBUTION 

Delayed Because of System Cost 

Reluctance of Phys ic i ans  To Accept 

I Marswial BioDack 
~~~ ~ 

- 
EKG Monitciring Systems 

.- 

A 
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A Typical  Item--Blood P r e s s u r e  Cuff 

The AiReseirch Manufacturing Company, a d i v i s i o n  of The Garrett Cor- 
p o r a t i o n ,  h a s  been the prime c o n t r a c t o r  for t h e  l i f e  suppor t  systems c l  
t h e  Mercury, Gemini, and Apollo s p a c e c r a f t .  One of the prime phys io log i -  
cal measurements to  be determined i n  t h e  Mercury and Gemini programs was 
the blood p r e s s u r e  of t h e  a s t r o n a u t s  d u r i n g  a l l  phasqs of the  orbi ta l  m i s -  
s i o n s .  Garrett developed an automated blood p r e s s u r e  cu f f  t h a t  cou ld  meas- 
ure  blood p r e s s u r e  a t  any t i m e  du r ing  the f l i g h t  r e g a r d l e s s  of t h e  astro- 
n a u t s '  p h y s i c a l  a c t i v i t y  a t  the  t i m e  of measurement. Th i s  automated systeni 
w a s  f u l l y  developed i n  1961 f o r  t h e  Mercury program. The technology trans- 
fer h i s t c r y  of t h i s  system is covered i n  t he  last s e c t i o n  of t h i s  r e p o r t .  

The automated blood p r e s s u r e  measurement system f u n c t i o n e d  f l a w l e s s l y  
on a l l  orbital  missions i n  which i t  h a s  been used.22 
t h e  success  of t h e  system widely i n  f u l l  page color adve r t i s emen t s  appear- 
i n g  i n  a l l  t h e  l e a d i n g  ae rospace  p u b l i c a t i o n s  i n c l u d i n g  t h o s e  d i r e c t e d  to 
people i n  t ne  l i f e  s c i e n c e s .  The technology t r a n s f e r  p o t e n t i a l  of t h i s  
system i n  h o s p i t a l  i n t e n s i v e  care wards w a s  obvious from the  beginning. 
BePore i t s  f i r s t  use i n  the  ha rcu ry  program, t h e  system had been f u l l y  
t e s t e d  on hezl thy a d u l t s  i n  Los Angeles,  and t h e r e  w a s  c o n s i d e r a b l e  in -  
terest ceven y e a r s  ago i n  t h e  immediate u s e  of such  a v a l u a b l e  t echn ique  
to a u t o m a t i c a l l y  monitor one of t h e  most important  parameters  of s e r i o u s l y  
ill p a t i e n t s .  

Garrett p u b l i c i z e d  

The Garrett automated blood p r e s s u r e  system was first i n s t a l l e d  i n  
an i n t e n s i v e  care cerlter i n  Bethesda a t  t h e  Na t iona l  I n s t i t u t e s  of Health 
i n  1968. The enigma is why seven y e a r s  had to  be lost  between the i n i t i a l  
a v a i l a b i l i t y  of the  system m d  its first demonstrat ion i n  a n  in t ens5ve  care 
c e n t e r .  The answers are t y p i c a l  of the p a t t e r n  t h a t  has  p r e v a i l e d  i n  t r a n s -  
f e r r i n g  r e l a t i v e l y  expensive b i o a s t r o n a u t i c s  systems t o  the needs of c l i n i -  
cal medicine. 

The automated cuff  can be s a i d  to have passed its i n i t i a l  c l i n i c a l  
tests i n  1961. During t h e  nex t  f o u r  y e a r s  the  Garrett s t a f f  a s s o c i a t e d  
with t h e  p r o j e c t  was b u s i l y  engaged i n  system ref inement  as the c u f f  was 
modified for  t h e  Gemini program. Garrett's l i f e  s c i e n c e  a c t i v i t i e s  have 
been c h a r a c t e r i z e d  by a s t e a d y  growth a l l  d u r i n g  t h e  1960s. There has 
never been a s e r j o u s  backlog problem or l a g  t h a t  might have r e q u i r e d  se- 
riotis a t t e n t i o n  t o  be g iven  t o  some of t h e  obvious technology t r a n s f e r  
op t ions  w e l l  e s t a b l i s h e d  i n  t h e i r  bioastronautics systems,  i n c l u d i n g  t h e  
automated c u f f .  Consequently,  t h e r e  was no 5 i t e r n a l  need t o  f i n d  new mar- 
k e t s  qu ick ly  f o r  t h i s  systen;. 

27 



During 1961 t o  1967, o r g a n i z a t i o n s  s c p p o r t i n g  t h e  development o f  ad- 
vanced p a t i e n t  mofiitoring systems for i n t e n s i v e  care wards ( p r i n c i p a l l y  
NIH)  were s e v e r e l y  p re s sed  from a funding s t a n d p o i n t .  
less expensive s y s t e m  t h a t  cou ld  be procured and tested befare t h e  au to -  
mated c u f f  would become a n  iteni on a p r i o r i t y  list. Again we must reniem- 
ber  t h e  h i s t o r i c  10- to  15-year gap i n  t h e  a p p l i c a t i o n  of  new technology 
to  c l i n i c a l  requirements .  Q u i t e  s imply ,  t h e  medical p r o f e s s i o n  was i n  no 
grear:  hu r ry  t o  t r y  t h i s  new technique.  I t  was a v a i l a b l e  a lmost  as a n  o f f -  
the-shelf  item, and everyone knew i t  would be i c c o r p o r a t e d  i n  a s u i t a b l e  
s y s t e m  a t  ail a p p r o p r i a t e  t i m e .  S i n c e  t h e  system w a s  being debugged on 
t h e  first two major manned space  f l i g h t  e f f o r t s ,  i t  could be s a f e l y  as- 
sumed t h a t  t he  l o n g e r  one wa i t ed  t h e  better t h e  system t h a t  would be ob- 
t a i n e d  f o r  c l i n i c a l  use.  

There were many 

I t  should be no ted  t h a t  other blood p r e s s u r e  measuring systems r c l y -  
i n g  on s i m p l e r ,  bu t  p r e v i o u s l y  unnroven, t echn iques  have been t r ied  i n  
i n t e n s i v e  care wards i n  r e c e n t  yea r s .  One p h y s i c i a n  mentioned tha t  there 
may have been a n  a t t e m p t  to  "leapfrog" from a t e c h n o l o g i c a l  s t a n d p o i n t  i n  
s o l v i n g  the  blood p r e s s u r e  measurement requirements  for i n t e n s i v e  care 
wards. Apparently t h i s  h a s  no t  been e n t i r e l y  s u c c e s s f u l ,  and t h e  au to -  
mated p r e s s u r e  c u f f ,  as opposed to  a somewhat e x o t i c  approach such as ear 
lobe  blood p r e s s u r e  measurement, is s t i l l  t h e  most a c c u r a t e  means of ob- 
t a i n i n g  t h i s  important  data on p h y s i o l o g i c a l  changes i n  a s e r i o u s l y  ill 
p a t i e n t .  A l m o s t  e v e r y  case of a t t e m p t i n g  to  l e a p f r o g  from a t echno log i -  
cal  s t a n d p o i n t  i n  medical systems is  doomed to  fa!' re or u n c e r t a i n  accept- 
ance. It seems better t o  p r e s e n t  t h e  p h y s i c i a n  with d a t a  o b t a i n e d  i n  a 
manner similar to  the  one t o  which he has  been accustomed throughout  h i s  
e d u c a t i o n a l  and working career. 

The seven-year gap between c l i n i c a l  v e r i f i c a t i o n  and p r a c t i c a l  u s e  
was p r i m a r i l y  due t o  t h e  f a c t  t h a t  no one i n  the e n t i r e  l o o p  w a s  i n  a 
hur ry  to  see that t h e  technology w a s  f u l l y  t r a n s f e r r e d .  A l s o ,  the fact 
t h a t  we  are d e a l i n g  with a f a i r l y  expensive system must be t aken  i n t o  
c o n s i d e r a t i o n .  Automated blooci p r e s s u r e  measurement is n o t  l i k e l y  t o  
save  l i v e s  i n  the  dramatic  manner of automated EKG systems t h a t  can sig- 
n a l  a n u r s e  or p h y s i c i a n  i f  a heart s t o p s  or e n t e r s  v e n t r i c u l a r  f i b r i l l a -  
t i o n  (a q u i v e r i n g  state i n  which no blood is pumped). Funds had t o  be 
a l l o t t e d  t o  systems with the greatest promise of emergency l i f e s a v i n g  
v a l u e  i n s t e a d  of t h o s e  t h a t  would s imply r e f i n e  a measurement t h a t  c o u l d  
be o b t a i n e d  manually. 

Immediate technology t r a n s f e r  emphasis on t h e  automated blood c u f f  
would have ensured u n i v e r s a l  a v a i l a b i l i t y  i n  eve ry  i n t e n s i v e  care c e n t e r  
throughout  a l l  major h o s p i t a l s  i n  t h e  United S t a t e s .  Perhaps 500 to  1,000 
systems might be i n  d a i l y  u s e  a t  t h e  p r e s e n t  time i f  t h i s  program had been 
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g i v e n  s u f f i c i e n t  a t t e n t i o n ,  emphasis , and funding  seven  p e a r s  ago. Un- 
ques t ionab ly ,  t h e  b e t t e r  i n f o m a t i o n  would have been a c o n t r i b u t i n g  f ac -  
tor i n  sav ing  many l i v e s .  Only a small fraction of  t h e  popu la t ion ,  f a r  
less than  one pe rcen t  of our s e r i o u s l y  ill c i t i z e n s ,  has e v e r  been p l aced  
i n  an i n t e n s i v e  care center. However, i t  is reasonab le  to  assume t h a t  i f  
a large number of automated c u f f s  had been i n  o p e r a t i o n  i n  t h e  l a s t  f e w  
y e a r s ,  many p a t i e n t s  would have r ece ived  b e t t e r  t r ea tmen t  because of t h e  
o p t i o n  of  a u t o m a t i c a l l y  moni tor ing  blood p r e s s u r e  a t  any t i m e  and i n  any 
desi  red sequence. 

I t  is i n t e r e s t i n g  t o  compare a n o t h e r  advanced technology product  l i n e  
developed by  G a r r e t t  which has  found its way r a t h e r  q u i c k l y  i n t o  c l i n i c a l  
p r a c t i c e .  Here we are c o n s i d e r i n g  a series of s m a l l  electric motors w i t h  
ve ry  h igh  r e l i 2 b i l i t y  which were developed fo r  both  l i f e  s c i e n c e  and o t h e r  
space  systems requi rements .  These s m a l l  inotors can  be l i t e r a l l y  d e s c r i b e d  
as of f - the-she l f  items of compara t ive ly  h i g h  cost bu t  t h a t  are s u p e r i o r  to  
any o t h e r  sys tems c u r r e n t l y  a v a i l a b l e  from a weight  , volume, and reliabil-  
i t y  s t a n d p o i n t .  These motors are now be ing  inco rpora t ed  i n  t h e  latest 
kidney d i a l y s i s  (art if icial  kidney)  sys tems and  hea r t - lung  machines which 
are used  to ma in ta in  a r t i f i c i a l  blood p e r f u s i o n  d u r i n g  hea r t - lung  bypass  
o p e r a t i o n s .  Small electric motors are used i n  many o t h e r  sys tems i n  hos- 
p i ta l s ,  c l i n i c s ,  and biomedical  laboratories. Unquest ionably,  t h e s e  small 
G a r r e t t  motors w i l l  p l a y  a small b u t  d e f i n i t e  role i n  advancing t h e  general 
state of the art of biomedical sys tems throughout  t h e  p u b l i c  h e a l t h  sphere .  
Why was t h i s  technology t r a n s f e r  made q u i c k l y  whereas t h e  seemingly more 
e x o t i c  or dramatic development of the automatic c u f f  h a s  been so s l o w ?  

The people  a t  Garrett r e s p o n s i b l e  for  marke t ing  t h e  electric motors 
were able t o  e x p l o r e  a v a r i e t y  of p o t e n t i a l  marke ts  by s imply  c o n t a c t i n g  
i n t e r n a l  specialists w i t h i n  t h e i r  own o r g a n i z a t i o n .  Ph: s i c i a n s  w i t h i n  
G a r r e t t  knew of t h e  need for  b e t t e r  electric motors i n  kidney d i a l y s i s  
and hear t - lung  machine systems.  I t  w a s  not d i f f i c u l t  to  get a list of 
t h e  manufac turers  of such  devices .  4 s imple  letter s t a t i n g  t h e  a v a i l a -  
b i l i t y  of a component or subsystem t h a t  would enhance t h e  o v e r a l l  effec- 
t i v e n e s s  and r e l i a b i l i t y  of  a sys tem is almost certain to  b r i n g  an  i m m e -  
diate response.  While compara t ive ly  expens ive ,  t h e  motors were b e t t e r  
t h a n  any th ing  p r e v i o u s l y  a v a i l a b l e ,  and t h e i r  i n c o r p o r a t i o n  d id  no t  re- 
q u i r e  a r edes ign  of t h e  complete  systems.  A l s o ,  i t  shou ld  be mentioned 
t h a t  kidney d i a l y s i s  systems and hea r t - lung  machines are r e l a t i v e l y  ex- 
pens ive .  A hear t - lung  machine w i t h  a s s o c i a t e d  i n s t r u m e n t a t i o n  w i l l  cost 
somewhere between $20,000 and $30,000. A t y p i c a l  kidney d i a l y s i s  sys tem 
costs $10,000 or more. These are l i f e s a v i n g  machines, and a n y t h i n g  t h a t  
enhances t h e i r  r e l i a b i l i t y  may be cons ide red  a f a i r l y  inexpens ive  component 
compared wi th  something t h a t  may require a back-up or redundant  sys tem as 
a f a i  1 - s a f e  measure. 



I n  summary, t h e  e lectr ic  motors were compara t ive ly  e a s y  to  market 
s i n c e  they  met a critical. subsystem need. The automated c u f f  r e p r e s e n t s  
an expens ive  innova t ion  t h a t  w i l l  no t  be f u l l y  a p p r e c i a t e d  u n t i l  i t  is 
i n s t a l l e d  i n  a number of i n t e n s i v e  care c e n t e r s .  

Digital Computer Photo  P rocess ing  

The biomedical a p p l i c a t i o n  of s p a c e c r a f t  image p rocess ing  t echn iques  
is t h e  o n l y  l i f e  s c i e n c e  technology t r a n s f e r  i t e m  t h a t  can be d e s c r i b e d  
as a breakthrough.  I t  also has a s i g n i f i c a n t  r e s e a r c h  a p p l i c a t i o n  (see 
s e c t i o n  on Research Techniques under"E1ectron Microscopy Image Enhance- 
ment") i n  a d d i t i o n  to  i ts  c l i n i c a l  d i a g n o s t i c  p o t e n t i a l .  

Dr .  Rc t Nathan of J?L first conce ived  of the u s e  of d i g i t a l  com- 
p u t e r s  to  :r?liance a n  image by means of cathode r a y  f i l m  s cann ing  as a pos- 
s i b l e  means of o b t a i n i n g  better e l e c t r o n  microscope r e s o l u t i o n .  H e  w a s  
able first to  r e f i n e  t h e  sys tem t o  correct v a r i o u s  photometr ic ,  geometric, 
and frequency response  d i s t o r t i o n s  i n  t he  p i c t u r e s  r ece ived  from the Ranger, 
Mariner ,  and Surveyor  l u n a r  and p l a n e t a r y  s p a c e c r a f t .  Now he h a s  demon- 
strated t h i s  r e v o l u t i o n a r y  t echn ique  on medical X-rays, r e t i n a  photographs ,  
chromosome a n a l y s i s ,  h e a r t  X-ray movies, bone s p e c t r a l  a n a l y s i s ,  microcir- 
c u l a t i o n ,  and e l e c t r o n  microscope r e s o l u t i o n .  The l a t t e r  a p p l i c a t i o n  marked 
t h e  complet ion of t h e  f u l l  c y c l e  i n  which the t echn ique  w a s  s u c c e s s f u l l y  
employed i n  i t s  o r i g i n a l  concep tua l  a p p l i c a t i o n .  The f u l l  enhancement can  
be f u l l y  a p p r e c i a t e d  on ly  by viewing unprocessed  and processed  medical 
photos .  The complete h i s t o r y  of the  technology t r a n s f e r  s t e p s  i n  the sys-  
t e m  i s  covered  i n  the f i n a l  s e c t i o n  of t h i s  r e p o r t .  

Table  9 l ists  t h e  c u r r e n t l y  i d e n t i f i e d  medical areas where image en- 
3 hanceinent promises  t o  provide  b e t t e r  d i a g n o s t i c  data and research r e s u l t s .  

The biomedical image enhancement exper iments  tigan i n  Janua ry  1966. 
One of t h e  first X-ray photographs p rocessed  w a s  a s k u l l  X-ray i n  which 
a radio-opaque dye had been i n j e c t e d  i n t o  the  bloodstream to  make the  
blood v e s s e l s  v i s i b l e .  Th i s  t echn ique  is used  i n  s t u d y i n g  c i r c u l a t o r y  
d i s o r d e r s  and a l so  as a means of l o c a t i n g  b r a i n  tumors t h a t  might cause  
arterial  d isp lacement  or c o n s t r i c t i o n .  Aneurysms, a n  o f t e n  f a t a l  s w e l l -  
i n g  of arteries, can  a l so  be d e t e c t e d  by t h i s  t echn ique  and c o r r e c t i v e  
s u r g e r y  performed. In some cases, ve ry  small aneurysms i n  t h e  b r a i n  migkt 
no t  be d e t e c t e d  wi thout  image enhancement. 

Other  s k u l l  X-ray enhancement inc luded  t h e  d e t e c t i o n  of b r a i n  tumors 
by t echn iques  i n  which a i r  is used  to  d i s p l a c e  t h e  f l u i d  i n  t h e  v e n t r i c l e s  
of t h e  b r a i n .  A i r  is a b e t t e r  c o n t r a s t  medium fo r  X-rays t h a n  t h e  f l u i d  
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Tab le  9 

Research A p p l i c a t i o n  

C l i n i c a l  Diagnosis  . 

BIOhlEDICAL AREAS THAT WILL BENEFIT FROM IMAGE ENHANCEMENT 

Bone X-rays 
M i c r o c i r c u l a t i o n  S t u d i e s  

O p t i c a l  Microscopy 

0 

0 

0 0 

S k u l l  X-rays 
Chest X-rays (image s u b t r a c t i o n )  
Re t ina  Photographs 
Chromosome Analysis  
Motion P i c t u r e  Heart X-ray Fi lms 

E l e c t r o n  Microscopy 1 
and allows i n s p e c t i o n  of t h e  v e n t r i c l e  shape to  d e t e c t  a p o s s i b l e  tumor. 
Subsequent ref inement  niay allow t h e  tumors t o  be d e t e c t e d  without  a i r  d i s -  
placement,  which is a p a i n f u l  p rocess .  

The image enhancement t echn ique  h a s  also been used t o  d e t e c t  l ung  
cancer i n  t h e  e a r l y  s t a g e s  by means of " p i c t u r e  s u b t r a c t i o n . "  
photos t aken  s e v e r a l  months a p a r t  can be p rocessed  so t h a t  a l l  t h e  un- 
changed d a t a ,  such  as r i b s ,  are removed from t h e  f i n a l  image which empha- 
s i z e s  any d i f f e r e n c e s  between t h e  two X-rays. N o  t w o  X-rays of t h e  same 
pe r son  t aken  s e v e r a l  months a p a r t  are going t o  be i d e n t i c a l ,  because t h e  
r i b  p o s i t i o n s  would not match. However, image p rocess ing  by t h e  computer 
can f o r c e  a match" u s i n g  a geometr ic  d i s t o r t i o n  correction program o r i g -  
i n a l l y  developed f o r  t h e  Ranger TV cameras. The p i c t u r e  s u b t r a c t i o n  tech-  
nique may be used t o  d e t e c t  mal ignancies  i n  o t h e r  p a r t s  of t h e  body. 

Twc X-ray 

11 

Retina photographs showing t h e  blood vessels and o t h e r  t i s s u e  i n  t h e  
e y e  may be enhanced t o  i d e n t i f y  a tuinor as being malignant or benign. En- 
hanced r e t i n a  photographs may also p rov ide  p r e d i c t i v e  d i a g n o s t i c  informa- 
t i o n  oa t h e  numerous d i s e a s e s  of t h e  c i r c u l a t o r y  system such  as arterio- 
s c l e r o s i s ,  n e p h r i t i s ,  d i a b e t e s ,  and o t h e r s  t h a t  are c l e a r l y  r e f l e c t e d  i n  
t h e  arteries of t h e  eye.  The enhancement of o p t i c a l  microscope photos  of 
chromosomes w i l l  be of va lue  i n  i d e n t i f y i n g  c o n g e n i t a l  a b n o r m a l i t i e s  i n  
human be ings ,  which are f r e q u e n t l y  caused by an abnormal chromosome count  
or by p a r t i a l  chromosome a b n o r m a l i t i e s .  

31 



The image enhancement of h igh  speed X-ray motion p i c t u r e s  t a k e n  of 
t h e  human h e a r t  immediately a f t e r  a radiopaque dye has  been i n j e c t e d  prom- 
ises t o  convert  t h i s  technique  from a l a b o r a t o r y  c u r i o s i t y  t o  a p r a c t i c a l  
d i a g n o s t i c  t o o l .  This  new p rocess ing  technique  solves some of t h e  focus  
problems, and computer techniques  may also be used  t o  evaluate  d a t a  from 
t h e  large number of frames r equ i r ed .  Manual calculation f o r  a s i n g l e  pa- 
t i e n t  now r e q u i r e s  about  t h r e e  weeks when t h e  work i s  done by hand. 
C l e a r l y ,  t h i s  i s  not  a n  economic procedure t h a t  could  be widely employed, 
Image enhancement and computer au tomat i za t ion  could  provide  a b e t t e r  proc- 
ess t h a t  w i l l  a l s o  be w i t h i n  a n  a c c e p t a b l e  c o s t  range.  

Bone d e n s i t y  changes t h a t  may i n d i c a t e  t h e  onse t  of malignancy or 
o s t e o p r o s i s  (a bone ca lc ium l o s s  common i n  o l d  a g e ) ,  has  a l s o  been sub- 
ject  t o  image enhancement. The s tudy  of t h e  m i c r o c i r c u l a t i o n  u s i n g  a 
s p e c i a l  l i g h t  and h igh  speed  motion p i c t u r e  camera a t t a c h e d  t o  a n  o p t i c a l  
microscope i s  now more p r a c t i c a l ,  because t h e  f o c u s  can be image-enhanced, 
and t i s s u e  response t o  l i g h t  and hea t  v a r i a t i o n s  can be determined whi le  
t h e  experiment  i s  be ing  conducted. These are but a few of t h e  many pos- 
s ib le  medical  d i a g n o s t i c  a p p l i c a t i o n s  of t h i s  r e v o l u t i o n a r y  technique ,  
I n  a lmost  e v e r y  case one might s a y  t h a t  t h e  a p p l i c a t i o n  is i n  t h e  very  
f i r s t  s t e p  of t h e  c l i n i c a l  t r a n s f e r  cyc le .  However, t h e s e  i n i t i a l  t r a n s -  
f e r s  have been made and promise t o  be widely a p p l i e d  i n  t h e  f u t u r e .  

JPL has  been awarded a $900,000 grant from t h e  Nat iona l  I n s t i t u t e s  
of  Hea l th  t o  r e f i n e  the many medical and r e s e a r c h  p o s s i b i l i t i e s  of com- 
p u t e r  image enhancement du r ing  t h e  next  two yea r s .  I t  is reasonab le  t o  
expec t  t h a t  t h i s  l e v e l  of fund ing  suppor t  w i l l  a l l ow t h e  computer image 
enhancement to  become a s t a n d a r d  c l i n i c a l  procedure i n  t h e  e a r l y  1970s. 
One advantage of t h i s  technique  is t h a t  X-rays and o t h e r  photos  can be 
s e n t  from any p a r t  of t h e  coun t ry  t o  t h e  central  computer f a c i l i t y  where 
t h e  image enhancement can be done. 

T r a n s f e r  from Unfunded P roposa l s  - 
I n  many cases, t h e  t r a n s f e r  s y s t e m s  may have evolved as an unfunded 

There have been many examples of new biomedical  concepts  o r i g -  program. 
i n a l l y  p re sen ted  as s o l u t i o n s  t o  space  program problems t h a t  l a t e r  were 
o f f e r e d  t o  o t h e r  agencies f o r  terrestr ia l  requi rements .  

The Space General  D iv i s ion  of Aerojet General  developed a s ix - l egged  
w a l k  i ng  
poqe of 
carr ier  
walk 

machine under IR&D funds  cal l .ed t h e  Lunar-Tic. The o r i g i n a l  pur- 
t h i s  s y s t e m  was to  serve as a.n unmanned, r ad io -d i r ec t ed  in s t rumen t  
f o r  e x p l o r i n g  t h e  moon's surface.21 The Lunar-Tic is b a s i c a l l y  a 
qachine .  I t s  f u r t h e r  development was o u t l i n e d  i n  a proposa l  t o  
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NASA t h a t  was no t  funded because a follow-up unmanned Surveyor  program 
was no t  i n i t i a t e d .  

The technolog inco rpora t ed  i n  t h e  p ro to type  was i n  l imbo u n t i l  Dr. 
Richard Brennaman, then  a technology u t i l i z a t i o n  o f f i c e r  a t  NASA's West- 
e r n  Opera t ion  O f f i c e  i n  San ta  Monica, was informed of i ts existence.  H e  
immediately v i s u a l i z e d  t h e  use of t h i s  technology as a wheel less  wheel- 
c h a i r  f o r  c r i p p l e d  c h i l d r e n ,  s ince  i t  could  nav iga te  uneven, r o c k y  ter- 
r a i n ,  and go up s t e p s .  Through Dr. Brennamsn's e f f o r t s ,  a $50,000 g r a n t  
w a s  ob ta ined  from t h e  C h i l d r e n ' s  Bureau of HEW t o  r e f i n e  t h e  technology 
f o r  t h e  c h i l d  amputee p r o j e c t  a t  UCLA. Space General r ece ived  a subcon- 
tract  from UCLA t o  b u i l d  an e igh t - l egged  v e r s i o n  of t h e i r  Lunar-Tic. The 
e ight - legged  system performed accord ing  to e x p e c t a t i o n ,  was a b l e  t o  navi -  
gate t e r r a i n  t h a t  would s t o p  an o r d i n a r y  wheelcha i r ,  and could  even c l imb 
a f l i g h t  of stairs. A c r i p p l e d  c h i l d  can c o n t r o l  3 t  by manipula t ing  an 
u p r i g h t  s t i c k  t h a t  could a l s o  be modif ied wi th  a c h i n  cup t o  s e r v e  quadr i -  
p l e g i c  c h i l d r e n  who cannot  move e i t h e r  t h e i r  arms or legs. The p r i n c i p a l  
i n v e s t i g a t o r  a t  UCLA, Dr. Char les  BechtGi,  and t h e  associate i n v e s t i g a t o r ,  
Dr. Mary L. Brennaman, are working w i t h  Lpace General on a proposa l  t o  de- 
ve lop  a more advanced v e r s i o n  of t h e  p r o t o t y p e  s y s t w , .  

8 

The important  technology t r a n s f e r  c o n s i d e r a t i o n  h e r e  i s  t h a t  t h e  nec- 
e s s a r y  work t o  complete t h e  i n i t i a l  c l i n i c a l  t r a n s f e r  w a s  pe rmi t t ed  by t h e  
H E W  g r a n t .  Without t h i s  funding  money s u p p o r t ,  t h e  space  technology in -  
co rpora t ed  i n  t h e  Lunar-Tic would never  have been t r a n s f e r r e d .  Some type  
of funding  suppor t  i s  necessary  when a f a i r l y  s i g n i f i c a n t  equipment modi- 
f i c a t i o n  is r e q u i r e d ,  as w a s  t h e  case i n  t h e  walking wheelcha i r .  

A similar example can be found i n  a marsupia l  maintenance system de- 
veloped by t h e  Marquardt Corpora t ion .  
i n t e r e s t e d  i n  the  problem of determining  the e f f e c t s  of prolonged weight- 
l e s s n e s s  on d i v i d i n g  cel ls  i n  a complete  mammal. He concluded t h a t  f e t a l  
opossums would be t h e  most promising s u b j e c t s ,  s ince they  leave t h e  womb 
and enter t h e  pouch whi le  s t i l l  i n  t h e  embryonic stage. Some $50,000 of 
IR&D funds were expended t o  r e f i n e  t h e  technique  for removing t h e  embry- 
o n i c  and f e t a l  opossums from t h e  n i p p l e  i n  t h e  mother ' s  pouch and p l a c i n g  
them on an a r t i f i c i a l  n i p p l e  i n  a biopack t h a t  would s u s t a i n  a l l  l i f e  func-  
t i o n s  and provide  p rope r  nourishment.  

Dale L. Carpenter '  o r i g i n a l l y  was 

Proposa ls  were sent  t o  both  NASA and t h e  A i r  Force for funds  t o  re- 
f i n e  t h e  marsupial  biopack for space  a p p l i c a t i o n s .  Great interest  was 
shown, b u t ,  as wi th  t h e  Lunar-Tic,  t h e r e  was no s u i t a b l e  program i n  which 
t o  i n c o r p o r a t e  t h e  marsupia l  biopack. The Marquardt team then  submi t ted  
a proposa l  t o  a Chi ld  Heal th  and Human Development I n s t i t u t e  of N I H  t o  
u s e  t h e  marsupial  biopack technology as a t o o l  i n  s tudy ing  t h e  e f f e c t s  
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of  drugs on developing embryos and f e t u s e s .  Th i s  proposa l  was prepared  
a t  t h e  time when c o n s i d e r a b l e  a t t e n t i o n  was be ing  g iven  t o  t h e  l imb bud 
malformations t h a t  r e s u l t e d  from t h e  European drug tha l idomide ,  Marquardt 
r ece ived  a $50,000 contract from N I H  t o  r e f i n e  t h e  sys tem f u r t h e r  f o r  drug  
a n a l y s i s ,  and a number of drugs  were t e s t e d  du r ing  t h e  program i n c l u d i n g  
such common household items as a s p i r i n .  

Mercury- t ype EKG E l e c t r o d e s  
Gemini - t ype EKG E le c t ro de s 

Apollo- type EKG E l e c t r o d e s  

North American l a te r  purchased from Marquardt t h e  equipment and pro- 
p r i e t a r y  p a t e n t s  r e q u i r e d  i n  t h e  marsupia l  biopack,  and t h e  systei,t is  
being f u r t h e r  r e f i n e d  a t  t h a t  o r g a n i z a t i o n .  

a 

a 

a 

The E a r l y  T r a n s f e r  of Sk in  E l e c t r o d e s  

~~~ ~~~ 

Spray-on EKG E l e c t r o d e s  

Sponge-type EEG H e l m e t  E l e c t r o d e s  

Monitor ing t h e  e f f e c t s  of w e i g h t l e s s n e s s  and o t h e r  un ique  envi ron-  
mental a s p e c t s  of  manned space  f l i g h t s  h a s  caused s u b s t a n t i a l  improvements 
to be made i n  electrodes used  to measure h e a r t  and b r a i n  f u n c t i o n .  I n  
c o n t r a s t  t o  more complex and expens ive  b i o a s t r o n a u t i c s  sys tems,  t h e  t rans-  
f e r  of almost eve ry  one of t h e s e  electrode advances h a s  been compara t ive ly  
s w i f t .  Table  10 lists some of t h e s e  electrodes and t h e i r  p r e s e n t  t r a n s f e r  
s t a t u s .  

~ 

Table  1 0  

PRESENT TRANSFER STATUS OF SKIN ELECTRODES 

~~~ ~~ ~ 

Widespread App l i ca t ion  

Commercial A v a i l a b i l i t y  
S t i l l  i n  C l i n i c a l  T e s t i n g  Stage 

I 

During t h e  e a r l y  phases  of t h e  Mercury program, i t  w a s  dec ided  t o  
u s e  f l u i d - f i l l e d  EKG e l e c t r o d e s  i n  which a conduct ive  p a s t e  p rov ides  t h e  
actual s k i n  contact.31 
s teel  screen (which was i n  contact w i t h  t h e  conduct ing  p a s t e )  was devel-  
oped. F a b r i c a t i o n  problems were uncovered d u r i n g  t h e  Mercury program, 
and t h e  sys tem was modif ied for t h e  Gemini program. 

A s i las t ic  hous ing  t h a t  con ta ined  a s ta inless  
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The Gemini e l e c t r o d e s  had a s i lver  d i s c  wi th  small h o l e s  i n  p l ace  of 
t he  s t a i n l e s s  steel screen.’  
t h e  Apollo e l e c t r o d e s  t h a t  make them very easy t o  apply  t o  t h e  s k i n ,  

Add i t iona l  improvements have been made i n  
27 

There has  been s i g n i f i c a n t  improvement i n  e l e c t r o d e  p a s t e  as a re- 
s u l t  of manned space  requi rements .  The e l e c t r o d e  p a s t e  used  n i n e  years 
ago cou ld  not  be t o l e r a t e d  comfor tab ly  on t h e  s k i n  f o r  p e r i o d s  o v e r  24 
hours;  subsequent  improvements i n  t h e  p a s t e  composi t ion now a l l o w  con t in -  
uous s k i n  e l e c t r o d e  contact f o r  p e r i o d s  t o  one week. 

The va r ious  e l e c t r o d e  improvements, n o n i r r i t a t i n g  e l e c t r o d e  p a s t e ,  
and r e l a t e d  a t tachment  t echn iques  were a l l  used  i n  c l i n i c a l  p r a c t i c e  
s h o r t l y  a f t e r  they were developed for  space  a p p l i c a t i o n s .  The advanced 

2 e l e c t r o d e s  can be ob ta ined  from s e v e r a l  manufac turers .  D r .  John H. Aldes, 
who is  i n  charge  of t h e  I n t e n s i v e  Care Cen te r  a t  Cedars  of Lebanon Hospi- 
t a l  i n  L o s  Angeles ,  s ta tes  t h a t  . . .“Mercury-type e l e c t r o d e s  were a g r e a t  
advance,  and a l l  t h e  electrodes w e  now u s e  f o r  c r i t i c a l l y  ill p a t i e n t s  are 
of t h i s  type.” During t h e  su rvey ,  I saw Gemini-type e l e c t r o d e s  be ing  used  
by D r .  Rex MacAlpin a t  t h e  UCLA Medical Cen te r ,  which a l so  s e r v e s  as t h e  
h o s p i t a l  for  t h e  UCLA Medical School .  I have been to ld  t h a t  Ayollo- type 
e l e c t r o d e s  are be ing  manufactured f o r  c l i n i c a l  requi rements  and are a l s o  
be ing  used  i n  medical r e s e a r c h .  

The e l e c t r o d e  improvements f o r  o u r  t h r e e  manned NASA programs d i d  
not  add measurably t o  t h e  cost of s imi la r  components for medical r e q u i r e -  
ments. I t  w a s  a s imple  matter t o  manufacture  them a t  an  a c c e p t a b l e  cost. 
The f a c t  t h a t  they  provide  much b e t t e r  performance fo r  long  term usage 
ensu red  t h e i r  purchase.  

E l e c t r o d e s  are r e l a t i v e l y  inexpens ive  and are d e f i n i t e l y  i n  a d i f -  
f e r e n t  ca t egory  t h a n  a system t h a t  might cost hundreds or thousands of 
d o l l a r s .  Overa l l  budget t r a d e o f f  c o n s i d e r a t i o n s  are not  en i  i l e d  i n  
t h e i r  purchase ;  and he re  a g a i n ,  h igh  q u a l i t y  components can be t r a n s -  
f e r r e d  r e l a t i v e l y  qu ick ly .  

Another  e l e c t r o d e  innova t ion  h a s  r e s u l t e d  from NASA‘a ac t iv i t i e s  
i n  a e r o n a u t i c s .  A t  NASA F l i g h t  Research Cen te r  a t  Edwards, C a l i f o r n i a ,  
t h e r e  was a need f o r  app ly ing  e l ec t roca rd iog ram e l e c t r o d e s  q u i c k l y  to  
p i l o t s  j u s t  be fo re  t h e i r  t r a i n i n g  f l i g h t s .  Bes ides  r e l i a b i l i t y ,  t h e  
e l e c t r o d e  requi rements  were t h a t  t h e y  should  not  i n t e r f e r e  wi th  t h e  move- 
ment or comfort  of t h e  p i l o t ,  The s o l u t i o n  was t h e  r e s u l t  of t h e  cooper- 
a t i v e  e f f o r t s  of NASA Edwards and Space labs ,  I n c . ,  i n  Van Nuys, C a l i f o r n i a .  
I n  1965, a unique spray-on e l e c t r o d e  was developed f o r  t h e  requi rements  
i n  which e lectr ical ly  conduct ive  cement, i n c l u d i n g  s i l v e r  powder 2nd ace- 
tone ,  i s  sprayed  on t h e  s k i n  by a sp ray  gun or a e r o s o l  p rocess  ( s e e  NASA 
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Tech Br ie f  66-10649). The sprayed-on p a s t e  cove r s  t h e  e l e c t r o d e  wires 
l e a v i n g  them f i r m l y  i n  contact w i t h  t h e  s k i n .  The s u b j e c t  cannot f e e l  
t h e  spray-on e l e c t r o d e s ,  and they  are resis tant  t o  normal motion,  Fre-  
quent  a p p l i c a t i o n  does no t  cause s k i n  i r r i t a t i o n ,  and t h e r e  i s  no nee,: 
t o  shave  t h e  s k i n  area b e f o r e  e l e c t r o d e  a p p l i c a t i o n .  A spray-on e l e c t r o d e  
c a n  be a t t a c h e d  i n  less than  h a l f  a minute,25 

The NASA O f f i c e  of Tedinology U t i l i z a t i o n  Biomedical A p p l i c a t i o n  
Team (BAT) a t  t h e  Midwest Research I n s t i t u t e  i n  Kansas C i t y  has  t r a n s -  
ferred t h e  spray-on e l e c t r o d e  t echn ique  a t  t h e  U n i v e r s i t y  of Kansas Med- 
ical  Center .  There,  spray-on e l e c t r o d e s  have been a p p l i e d  s u c c e s s f u l l y  
f o r  r eco rd ing  h e a r t  act ion i n  more t h a n  1,000 c h i l d r e n  dur ing  e x e r c i s e .  

The fact  t h a t  one of NASA's t h r e e  BAT teams was a b l e  t o  d i r e c t  i t s  
a t t e n t i o n  t o  t h e  spray-on e l e c t r o d e  i s  p a r t l y  r e s p o n s i b l e  f o r  i t s  r a p i d  
t r a n s f e r .  The success of  t h e  t r a n s f e r  can  be c r e d i t e d  t o  t h e  amount of 
a t t e n t i o n  t h a t  NASA has  g iven  t o  t h i s  i nnova t ion .  I t  i s  doub t fu l  t h a t  
t h e  t r a n s f e r  would have t aken  p l a c e  i n  such  a sli,rt p e r i o d  of t i m e  with-  
o u t  t h e  BAT teams' d i r e c t  e f f o r t s  and o t h e r  suppor t  g iven  t o  t r a n s f e r  
requi rements .  

1 
D r .  W. Ross Adey, Professor of Anatomy and Physiology and Director 

of t h e  Space Biology Labora tory  a t  t h e  Bra in  Research I n s t i t u t e  a t  UCLA 
h a s  been t h e  p r i n c i p a l  f i g u r e  i n  t h e  re f inement  of a novel  e l ec t roenceph-  
a logram (EEG) system. S o v i e t  sc ien t i s t s  o r i g i n a l l y  conceived t h e  i d e a  
of p l a c i n g  sponge-type EEG e l e c t r o d e s  i n  an a s t r o n a u t ' s  helmet so t h a t  
t h e  e l e c t r o d e  c o n t a c t  could  be made s imply by p u t t i n g  t h e  helmet on with-  
o u t  any  s p e c i a l  s c a l p  a t tachment  or removal of  any of  t h e  s u b j e c t ' s  h a i r .  
D r .  Adey w a s  aware of t h e  S o v i e t  concept  and developed a similar sponge- 
type  e l e c t r o d e  system mounted i n  a cove r ing  similar t o  a b a t h i n g  cap  or 
l i g h t  helmet. The only  p r e p a r a t i o n  r e q u i r e d  for p u t t i n g  t h e  e l e c t r o d e s  
on  is to  remove t h e  o i l  from t h e  s k i n  and h a i r  s u r f a c e .  D r .  Adey and 
h i s  c o l l e a g u e s  have dev i sed  s e v e r a l  va r i a t ions  of t h e  helmet  sponge EEG 
e l e c t r o d e  system. 

A group a t  NASA Ames r e s e a r c h  center  developed a similar s y s t e m  i n  
which t h e  sponge e l e c t r o d e s  are also j o i n e d  by an EEG t e l eme t ry  sys tem 
t h a t  is  comple te ly  mounted i n  a f l i g h t  helmet." 
been e x t e n s i v e l y  t e s t e d  i n  j e t  a i rcraf t  f l i g h t s  and on c e n t r i f u g e  r u n s ,  

The A m e s  sys tem h a s  

3r. Adey was a b l e  t o  make an immediate t ransfer  of h i s  sponge elec- 
t r o d e  CEP, or helmet ,  a t  t h e  UCLA B r a i n  Research I n s t i t u t e .  The sys tem 
has  been used wi th  sch izophren ic  c h i l d r e n  and has  a l s o  been u s e f u l  i n  
o b t a i n i n g  new d a t a  on t h e  s ta te  of t h e  b r a i n  d u r i n g  s leepwalk ing ,  There 
was no technology t r a n s f e r  problem, because a person  concerned wi th  space  
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programs, UP. Adey , a l s o  was r e spons ib l e  f o r  nonspace neuro log ica l  r e s e a r c h  
and was a b l e  t o  use the  same s y s t e m  for both purposes .  One might s a y  t h a t  
t he  c l i n i c a l  t r a n s f e r  of the  sponge EEG e l e c t r o d e  helmet s y s t e m  has  been 
made, bu t  t h e r e  may be a f u r t h e r  time gap between i t s  i n i t i a l  c l i n i c a l  use 
and i t s  widespread a v a i l a b i l i t y  i n  o t h e r  neu ra log ica l  centers where i t  can 
be e f f e c t i v e l y  used. 

The sponge EEG helmet s y s t e m  is unique i n  t h a t  i t  might be cons ide red  
a n  i n d i r e c t  technology t r a n s f e r  b e n e f i t  from t h e  Sov ie t  space program. 
One cannot  r e f r a i n  from s p e c u l a t i n g  on what t h e i r  technology t r a n s f e r  ex- 
pe r i ence  irom space e x p l o r a t i o n  has  been t o  d a t e ,  

T r a n s f e r  of C a p a b i l i t y  

For o r g a n i z a t i o n s  t h a t  s e r v e  both  t h e  space  marke t s  and coismercial 
biomedical  requi rements ,  t h e r e  can be a t r a n s f e r  of t h e  t e c h n i c a l  c a p a b i l -  
i t i e s  de r ived  from t h e  development and product ion  of b i o a s t r o n a u t i c s  sys- 

24 tems as opposed t o  t r a n s f e r r i n g  t h e  s y s t e m s  themselves .  James A. Reeves,  
P r e s i d e n t  of Spacelabs Inc .  i n  Van Nuys, C a l i f o r n i a ,  observed t h a t  h i s  
company has  been a b l e  t o  develop a series of p a t i e n t  monitor ing s y s t e m s  
f o r  u s e  i n  su rge ry  and i n t e n s i v e  care wards. The b a s i c  c a p a b i l i t y  t o  de- 
ve lop  t h e s e  s y s t e m s  was o r i g i n a l l y  brought  t o g e t h e r  t o  meet s imi la r  re- 
quirements  i n  t h e  Mercu. ! and Gemini pl*ograms. Th i s  c a p a b i l i t y  has  a l -  
lowed Space labs  t o  develop a series of s y s t e m s  f o r  monitor ing EEG, blood 
p r e s s u r e ,  and c a r d i a c  ou tpu t  , a long  w i t h  f o u r  d i f f e r e n t  o s c i l l o s c o p e  s y s -  
tems t h a t  allow remote monitor ing of s e v e r a l  p a t i e n t s  a t  once.  Mr. Reeves 
s t r e s s e d  t h a t  t h e  t r a n s f e r  was completely i n d i r e c t  and t h a t  Space labs  has  
not  been a b l e  t o  u s e  any of t h e  same subsystems or c i r c u i t  boards t h a t  
were developed for t h e  Mercury and Gemini programs. 

The p rev ious ly  mentioned SIM One program i n  which Aerojet t r a n s f e r r e d  
s i m u l a t i o n  c a p a b i l i t i e s  is ano the r  example of what can be done when a capa- 
b i l i t y  developed for space requi rements  is subsequent ly  d i r e c t e d  t o  b io-  
medical goa l s .  E l e c t r o  O p t i c a l  Systems, I n c . ,  i n  Pasadena, C a l i f o r n i a ,  
is developing s e v e r a l  very  advanced s y s t e m s  for performing au tomat ic  lab-  
o r a t o r y  tests on blood and u r i n e ,  The team t h a t  o r i g i n a l l y  conceived t h e  
unique (st i l l  p r o p r i e t a r y )  automatic t e s t i n g  techniques  was brought  to- 
g e t h e r  t o  work on space l i f e  s c i e n c e  programs, When b i o a s t r o n a u t i c s  fund- 
ing  began t o  drop o f f ,  t h e  l i f e  sc ien t i s t s  tu rned  t o  nonspace c l i n i c a l  re- 
quirements  t o  permit  t h e i r  group t o  s u r v i v e .  

The Electro O p t i c a l  expe r i ence  i s  unique ,  because i t  i s  a wholly owned 
s u b s i d i a r y  of Xerox which has  had a lmost  unprecedented growth and p r o f i t s  
i n  recent y e a r s ,  Consequent ly ,  t h e r e  was an abundance of i n t e r n a l  i n v e s t -  
ment funds a v a i l a b l e  f o r  t h o  automated blood and u r i n e  t e s t i n g  development 
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program. Th i s  i n t e r n a l  funding  op t ion  has  no t  been a v a i l a b l e  t o  most bio-  
a s t r o n a u t i c s  departments  i n  convent iona l  aerospace  companies t h a t  a r e  p r i -  

p a r i l y  dependent on government c o n t r a c t s - - p r i n c i p a l l y  DOD, NASA, and AEC. 

Without q u e s t i o n ,  t h e r e  could  have been many c l e v e r  sys t ems  developed 
t o  meet biomedical requi rements  i f  s u b s t a n t i a l  government R&D funding  had 
been a v a i l a b l e  t o  f i l l  ihe  gat, when space budgets  began t o  d e c l i n e  i n  +he 
p a s t  two years ,  This  was not  t h e  case, and m o G t  of t h e  b i o a s t r o n a u t i c s  
groups have dec l ined  i n  s i z e .  There i s  probably less l a t e n t  transf.3.r 
c a q a b i l i t y  toaay than  t h e r e  was two years ago, 

Miscel laneous--Direct  Systems Tra i i s fe r  

T r a n s f e r  barriers are fewer (wi th  the p o s s i b l e  excep t io [ ,  of c o s t )  
when a s y s t e m  can be d i r e c t l y  u t i l i zer !  without  s i g n i f i c a n t  n iodi f ica t ions .  
Consol ida ted  Systems Corpora t ion  of Pomoila, C:..lifornia, developed a mini- 

26 a t u r i z e d  mass spec t romete r  f o r  t he  NASA F l i g h t  Research Center  i n  1956. 
A compact 28-pound s y s t e m  can monitor  a l l  cockp i t  and e x p e l l e d  brea-h  g a s e s  
of a p ’ l o t  or a s t r o n a u t  wi th  a h igh  degree of accuracy .  A commercial ver- 
s i o u  of t h i s  small mass spec t romete r  i s  now a v a i l a b l e .  I t  may f i n d  c l i n -  
ical  a p p l i c a t i o n s  i n  a n e s t h e s i o l o g y ,  and t h e r e  would be p o t e n t i a l  a p p l i -  
c a t i o n s  o u t s i d e  t h e  biomedical  areas. 

Laminar a i r f l o w  t echn iques  developed f o r  space s t e A ’ i l i z a t i o r ,  r equ i r e -  
ments have been t r a n s f e r r e d  t o  biomedical  requirements .  NASA f u r t h e r  re- 
f i n e d  t h e  c o n t r o l  of a i r  movement i n  laminar  u n d i r e c t i o n a l  downflow, o r i g -  
i n a l l y  an AEC development, t o  t h e  p o i n t  where con ta inaen t  can be reduced 
t o  me organism (of 3-micron s i z e )  p e r  100 cub ic  feet  of a i r .  The A m e r i - .  
can S t e r i l i z e r  Corpora t ion  of E r i e ,  Pennsylvania ,  manufactures laminar  
downflow equipment f o r  pharmaceut ical  and c l i n i c a l  requirements .  

Laiiiinar downflow has been used  i n  h o s p i t a l  o p e r a t i n g  rooms where i t  
can reduce c a p i t a l  and o t h e r  costs, Laminar downflow ha.; also been used 
t o  main ta in  78ro i n f e c t i o n  rates i n  t h e  treatment of s e v e r e l y  burned pa- 
t i e n t s .  The same technology is p e r m i t t i n g  the  pharmaceut ical  i n d u s t r y  
t o  p r o t e c t  p rocessed  material from contaminat ion ,  Lovinar  downfl,?w may 
be used i n  food process ing .  

A very  large, g l a s s - f i l amen t  wound, s o l i d  rocket  case developed by 
Hercules as an example of how Parge such  a case coulrc br! b u i l t  has found 
an  unexpectefi  a p p l i c a t i o n  as a s u r g i c a l  room, Hyperbaric  chambers are 
p r e s s u r e  environments i n  which, a t  45 p s i ,  enough oxygen i s  d i s s o l v e d  
i n  the  blood plasma t o  bypass ::he red blood ce l l s  s a t u r a t i n g  t h e  body 
wi th  oxygen. These chambers a r e  used  i n  su rge ry  and i n  t h e  treatment 
of many diseases. 
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Conventional hype rba r i c  chambeps a r e  made of r e l a t i v e l y  t h i c k  steel 
because of t h e  high p r e s s m e .  There was a requirement  for  a h y p e r b a r i c  
chamber to be p l aced  i n  an upper  f l o o r  of a h o s p i t a l .  A s teel  chamber 
would have r e q u i r e d  expensive r e i n f o r c i n g  of t h e  bu i ld ing .  Hercules  do- 
na t ed  t:. 'wge, l i g h t w e i g h t  rocke t  case which had s u f f i r  i e n t  i n t e r i o r  
v0lun.e lie medical requirements  and w a s  l i g h t  enoug!i t h a t  no re in-  
f o r c i n g  01 tile b u i l d i n g  was 1 r s s a r y .  T h i s  a p p l i c a t i o n  of rocket c a s e  
techiiology may lead to  mobile hyperb..ric chambers on ground v e h i c l e s  or 
p o s s i b l y  i n  a i r c r a f t .  

4 
James A. Benson of t h e  Rocketdyne D i v i s i o n  of North American unex- 

p e c t e d l y  d i scove red  t h a t  dense forms of g r a p h i t e  are t o l e r a t e d  s u r p r i s i n g l y  
w e l l  by t3e body as implants .  T h i s  was a s e r e n d i p i t o u s  d i s2ove rp  from 
rocke t  nozz le  research when a small fragment of g r a p h i t e  was imbedded i n  
s k i n  (details are covered i n  a case h i s t o r y  i n  t h e  f i n a l  s e c t i o n ) .  I t  
now a7,peax-s t h a t  the  forms of dense g r a p h i t e  developed for  h igh  tempera- 
t u r e  space  p ropu l s ion  r eau i r emen t s  may be used as bone and j o i n t  r e p l a c e -  
ments. Graph i t e  does n o t  c o r r o d e  i n  the body i n  t h e  same way as do most 
metals used for i n t e r n a l  p r o s t h e t i c s .  G r a p h i t e  may be p a r t i c u l a r l y  s u i t -  
a b l e  as the  b a l l  i n  ar t i f ic ia l  heart v a l v e s ;  i t  is Light and can be t h e  
same d e n s i t y  as the body t i s s u e s .  

S t e r i l i z a t i o n  for  p l a n e t a r y  q u a r a n t i n e  is a comparat ively r e c e n t  
space requiremant ,  and t h e  f u l l  technology transfer p o t e n t i a l  w i l l  n o t  
be realized u n t i l  t h e  Voyager program, or its e q u i v a l e n t ,  has  been f u l l y  
develobsd through i n i t i a l  o p e r a t i o n a l  f l i g h t s .  The t r a n s f e r  success  of 
the  l amina r   down'^\ *' techcology may be due to the fact that i t  w a s  devel-  
oped for AEC re+:. -;rents b e f o r e  NASA's i n t e n s i v e  c o n c e n t r a t i o n  on ster- 
i l i z a t i o n ,  p e r m i t t i n g  time to  i n f l u e n c e  t h e  s i t u a t i o n  f avorab ly .  

George G. Edwards of t h e  NASA A m e s  Research C e n t e r  d e l i v e r e d  a lec- 
t u r e  a t  t h e  L t i v e r s i t y  of C a l i f o r n i a  on December 2 ,  1967, i n  which he 
d e s c r i b e d  the i n c o r p o r a t i o n  of t i n y  thermocouples i n t o  cryok. Jes. A 
q v a r t z - i n s u l a t e d ,  m e t a l l i c a l l y - s h e a t h e d  thermocouple wi th  an o u t s i d e  
diameter of s ix- thousandths  of a n  i n c h  was developed f o r  a plasma probe. 
These t i n y  thermocouples were subsequen t ly  i n c o r p o r a t e d  i n  the s l e n d e r  
probes of cryoknives.  I n  c ryosu rge ry ,  t i s s u e  is des t royed  by lowering 
t h e  temperature  of t h e  u n i n s u l a t e d  t i p s  of a t h i n  probe, c a u s i n g  t i s s u e  
t c  f r e e z e  and be destroyed.  The thermocouple pe rmi t s  t h e  surgeon t o  know 
the t i p  temperature  and have a f a r  better c o n t r o l  o v e r  the  zate of f r e e z -  
ing .  

The c ryokn i fe  thermocouple is a n o t h e r  example of a small component 
t h a t  can be e a s i l y  added t o  a n  e x i s t i n g  system. Components can be t r a n s -  
ferrt.-d e a s i l y ,  ant-? t h e  most important  requirement is to  make t h e  e x i s t -  
ence of t h e  compment known t o  p o t e n t i a l  users. 



Conclus ions  

T h i s  sect im ana lyzes  a r e p r e s e n t a t i v e  sample of items t h a t  have been 
t r a n s f e r r e d  to clin.:cal biomedical r equ i r emen t s  from t h e  space  program. 
T r a n s f e r  t o  biomedical r e s e a r c h  requirements  is covered i n  t h e  nex t  sec- 
t i o n .  The most importpnt  factor is t h e  relative cost of t h e  system. A 
component such as an e l e c t r o d e  can  be t r a n s f e r r e d  wi thou t  a n  z p p r e c i a b l e  
l a p s e  of time. i. r e 2 a t i v e l y  expens ive  system may fac? 8 b a s i c  c o s t  bar- 
rier : h a t  w i l l  p r cven t  e a r l y  t r a n s f e r  u n l e s s  some supplementary funding 
is made a v r - i l a b l e  to complete t h e  t r a n s f e r .  For  many e x p e r s i v e  systems,  
widespread a p p l i c a t i o n  w i l l  also depend on government funding to p a r t l y  
o f f s e t  t h e  purchase of t h e  equipment i t s e l f .  

The t r a n s f e r  of c a p a b i l i t y ,  r a t h e r  t h a n  components or systems,  has  
bEen demonstrated i n  some o r g a n i z a t i o n s ,  bu t  its f u l l  p o t e n t i a l 1  w i l l  no t  
be r e a l i z e d  u n t i l  more government F&D funds  are a v a i l a b l e  to  develop ad- 
vanced biomedical systems. 
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RESEARCH TECHNIQUES 

Space e x p l o r a t i o n  is t h e  mos ambi t ious  unde r t zk ing ,  from a t echn i -  
cal complexity s t a n d p o i n t ,  t h a t  man has  y e t  a t t empted .  The s u c c e s s f u l  
r e s e a r c h  p l ann ing ,  program d e f i n i t i o n ,  sys t ems  development, and opera- 
t i o n a l  phases of  t h e  space  program i n  t h e  p a s t  t e n  years have also per-  
m i t t e d  t h e  i n t e r d i s c i p l i n a r i a n  s c i e n t i f i c  team approach to be g r e a t l y  
r e f i n e d .  A s  l ong  as t h e s e  teams are k e p t  t o g e t h e r ,  t h e y  can freque. i t ly  
s e r v e  as r e s e a r c h  problem-solving t a s k  forces f o r  many d i f f i c u l t  techno- 
logical g o a l s  o u t s i d e  t h e  space  R&D. The t r a n s f e r  of r e s e a r c h  t echn iques  
by d i r e c t i n g  t h e  a t t e n t i o n  of t h e s e  teams t o  nonspace o b j e c t i v e s  may 
prove to  be more important  t h a n  t h e  t r a n s f e r  of t h e  s p e c i f i c  hardware 
i t e m s  d e s c r i b e d  i n  t h e  p rev ious  section. 

Many coniponents, subsystems, and systems developed €or some s p a c e  
o b j e c t i v e s  ha:*e found unexpected a p p l i c a t i o n s  i n  l i fe  s c i e n c e  r e sea rch .  
One must keep i n  mind t h a t  total l i f e  science R&D funding h a s  been o n l y  
about  1 2  p e r c e n t  of  t h a t  a l l o c a t e d  to t h e  p!iysical s c i e n c e s .  A s  a r e s u l t ,  
much of t h e  i n s t r u m e n t a t i o n  used  i n  l i f e  s c i e n c e  r e s e a r c h  is modified 
from equipment o r i g i n a l l y  developed to  m e e t  r e s e a r c h  needs i n  t h e  physi-  
cal s c i e n c e s .  There have been many s e r e n d i p i t o u s  and d e l i b e r a t e  t r a n s -  
fess to meet a v a r i e t y  of biomedical r e s e a r c h  needs.  

Table  11 lists r e p r e s e n t a t i . J e  equipment i t e m s  or r e s e a r c h  c a p a b i l i -  
t ies t h a t  have been t r a n s f e r r i d  to biomedical  r e s e a r c h  o u t s i d e  t h e  space  
program. They are d i v e r s e ,  and not  a l l  o f  them are t h e  r e s u l t  of bio- 
astronautics requirements .  I n  fact, over  h a l f  are r e s e a r c h  t r a n s f e r s  
from space technology t h a t  has  n o t h i n g  to  do wi th  l i f e  science r e q u i r e -  
ments. 

A r t i f i c i a l  Organs T r a n s f e r  Experience 

A r t i f i c i a l  o rgans  would seem t o  be f a r  removed from space  exp lo ra -  
t i o n .  However, NASA has suppor t ed  r e s e a r c h  t h a t  has  c o n t r i b u t e d  d i r e c t l y  
t o  t h e  ref inement  of t h e  a r t i f i c i a l  h e a r t .  Th- h i s t o r y  of ae rospace  in -  
volvrment w i th  a r t i f i c i a l  organ development is g iven  i n  some d e t a i l ,  be- 
cause it is r e p r e s e n t a t i v e  of bo tk  equipment and s c i e n t i f i c  s k i l l s  t rans-  
fer  of r e s e a r c h  techniques.  
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Tab le  11 

SIN One Si inula t ion  Mannequin . 

REPRESENTATIVE SAMPLE OF ITEhlS OR RESEARCH CAPABILITIES 
THAT HAVE BEEN TRANSFERRED FROM THE SPACE PROGRAM 

TO OUTSIDE LIFE SCIENCZ RESEARCH REQUIREMENTS 

. 
Marsupia l  Biopack f .  

I Automated L i g h t  Nicroscope  I 1 . 1  

Improved Bacterial D e t e c t i o n  C u l t u r e s  

N e w  Exper imenta l  Animals 

Pure  Oxixen P h v s i o l o g i c a l  E f f e c t s  

t t-----c---1 

. 

Hyperbar ic  Chamber Technology for  Both Ocean- 

E thy lene  Oxide S t e i i l i z a t i o n  . 

I Computer Biomedical  Research  Techniques I 4 . I  
~ _ _ _ _ _ _  1 Anabolone U e t a b o l i c  I n h i b i t o r  

I n  1962 and 1963, OART funded  "The Cyborg Study" i n  two phases  a t  
t h e  Uni ted  Aircraft Corpora t ion  Systems Cen te r  i n  Windsor Locks, Connect- 
icut ."  
p l i e s  t h a t  man's c a p a b i l i t i e s  i n  a n  a l i e n  environment  might be ex tended  
through ar t i f ic ia l  o r g a n s ,  d rugs ,  and  reduced  metabolism. Many b i o a s t r o -  
n a u t i c s  e x p e r t s  r ega rded  t h e  cyborg  s t u d y ,  under  t h e  s u p e r v i s i o n  of Rob- 
ert \V. Driscoll, as t h e  most exotic of t h e  l i f e  science s t u d i e s  t h a t  NASA 
has suppor t ed  to  d a t e .  

The term cyborg ,  a c o n t r a c t i o n  of c y b e r n e t i c s  and  organism,  i m -  

An expe r imen ta l  a r t i f i c i a l  h e a r t  dev ice  w a s  p a r t  of t h e  cyborg  pro- 
gram, which inc luded  a s t u d y  of t h e  e n g i n e e r i n g  a s p e c t s  of f l o w  t u r b u l e n c e  
and p r e s s u r e  c h a r a c t e r i s t i c s  of t h e  heart pumps and v a l v e  assembly. 
mathematical  model of t h e  human c a r d i o v a s c u l a r  sys tem t h a t  h a s  r e s e a r c h  
a p p l i c a t i o n s  to  a r t i f i c i a l  o rgan  development w a s  i n c l u d e d  i n  t h e  work. 
Richard  T. A l l e n ,  who was a s s o c i a t e d  w i t h  t h e  s t u d y ,  s t a t e d  t h a t  t h e  re- 
s u l t s  have been made a v a i l a b l e  to  sc ien t i s t s  working on t h e  development 
of t h e  art i f  i c ia l  h e a r t .  

A 

17 
D r .  W i l l e m  J. Kolf f  h a s  r e c e n t l y  j o i n e d  t h e  f a c u l t y  of t h e  Univer- 

s i t y  of Utah Medical  School  i n  S a l t  Lake C i t y .  . D r .  Kol f f  i n v e n t e d  t h e  
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a r t i f i c i a l  kidney i n  h i s  n a t i v e  Holland i n  1944. For many years he was 
i n  charge of a r t i f i c i a l  organ development a t  t h e  Clevel.and C l i n i c  i n  
Cleveland,  Ohio, and he has  been a l e a d e r  i n  t h e  development of t h e  a r t i -  
f i c i a l  h a a r t  du r ing  t h e  p a s t  11 years. Dr. Kolff  t o l d  m e  t h a t  t h e  cyborg 
s t u d y  provided u s e f u l  r e s e a r c h  t r a n s f e r  d a t a  f o r  h i s  e f f o r t s .  H e  has  re- 
c e i v e d  d i r e c t  a s s i s t a n c e  from KASA s c i e n t i s t s  t h a t  has  had a g r e a t  impact 
on h i s  program. E l e c t r i c a l l y  d r i v e n  pumps used i n  Dr. K o l f f ' s  e a r l y  ar t i -  
f i c i a l  h e a r t s  were u n s a t i s f a c t o r y  and caused t h e  fo rma t ion  of blood c l o t s  
t h a t  k i l l e d  t h e  expe r imen ta l  animals .  

Engineers  at NASA Lewis sugges t ed  t h a t  a i r  powered pumps might pro- 
duce a closer simulation of n a t u r a l  h e a r t  action. The r e s u l t  was a pro- 
duc t ion  pump of low weight ,  h igh  r e l i a b i l i t y ,  and low h e a t  t h a t  w a s  s u i t -  
a b l e  to  a r t i f i c i a l  c i r c u l a t i o n .  The a i r  d r i v e n  h e a r t  depends on p u l s a t i n g  
a i r  p r e s s u r e  g e n e r a t e d  o u t s i d e  t h e  body and brought through t h e  c h e s t  wall 
by small f l e x i b l e  tub ings .  The NASA e n g i n e e r s  were a b l e  to  u s e  a ser-:o- 
mechanism o r i g i n a l l y  developed f o r  r o c k e t r y  to  meet t h e  a r t i f i c i a l  h e a r t  
adjustment  requirements .  

I n  an article, Dr .  K o l f f ' w r o t e :  "Kirby H i l l e r  and h i s  associates 
a t  t h e  L e w i s  Research Center  b u i l t  us a s o p h i s t i c a t e d  d r i v i n g  mechanism 
f o r  t h e  a r t i f i c i a l  h e a r t  t h a t  makes i t  p o s s i b l e  to  s i m u l a t e  t h e  pumping 
p a t t e r n  of a n a t u r a l  h e a r t .  The machine w r i t e s  a n  e l e c t r i c a l  f u n c t i o n  
i n  t h e  form of a wave and t h i s  wave form is ther.  t r a n s l a t e d  i n t o  a c y c l e  
of a i r  p r e s s u r e  t h a t  has  t h e  same form. . . The magnif icent  equipment 
b u i l t  f o r  u s  by t h e  NASA l a b o r a t o r y  and o t h e r  - o l l a b o r a t i n g  groups has  
enabled u s  to c a r r y  on a n  i n t e n s i v e  s t u d y  of t h e  p h y s i o l o g i c a l  f a c t o r s  
and  requirements  f o r  an ar t i f ic ia l  h e a r t .  A calf w i t h  a n  a r t i f i c i a l  
h e a r t  implanted i n  its c h e s t  has  s u r v i v e d  as long  as 33 hours and 30 
minutes .  The mechanical punp ma in ta ined  t h e  calf 's  blood c i r c u l a t i o n  
at a normal l e v e l  and caused no f o r m a t i m  of  clots."16 

The r e s e a r c h  phases  of a r t i f i c i a l  h e a r t  development have b e n e f i t e d  
by technology t r a n s f e r  from rocke t ry .  The g o a l  of a n  implan tab le  arti- 
f i c i a l  h e a r t  is much closer, because t h e  NASA personnel  were al lowed t o  
work wi th  t h e  Cleveland C l i n i c .  D r .  Kolff  also mentioned ' ( o t h e r  collab- 
o r a t i v e  groups." J .  L e w i s  Reynolds of  t h e  hfarquardt Corpora t ion  i n  Van 
Nuys, C a l i f o r n i a ,  a s s i s t e d  D r .  K o l f f , a n d  Milarqusrdt's B i o a s t r o n a u t i c s  De- 
partment s u p p l i e d  coinponents f o r  Kolff  's r e s e a r c h  program. Othe r  aero- 
space  c o r p o r a t i o n s  have a r s i s t e d  Dr .  Kolff  and o t h e r s  engaged i n  a r t i f i -  
c i a l  organ r e sea rch .  Much of t h i s  e f f o r t  was performed s u b  rosa o r  on 
a bootlegged b a s i s .  

I t  is not s u r p r i s i n g  t h a t  space sc ien t i s t s  should be i n t e r e s t e d  i n  
a r t i f i c i a l  organ development. They are .ccustomed to  working on p r o j e c t s  
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t h a t  were cclnsidered imposs ib le  a few y e a r s  ago and are cha l l enged  when 
p resen ted  wi th  t h e  t e c h n i c a l  problems of  a n o t h e r  new e x o t i c  i m p o s s i b i l i t y  
such  as a r e l i a b l e  a r t i f i c i a l  h e a r t .  More impor t an t ,  space  s c i en t i s t s  
are accustomed t o  working i n  i n t e r d i s c i p l i n a r i a n  teams t h a t  are a b l e  t o  
e v a l u a t e  t h e  e n t i r e  system, as well as come up wi th  e n t i r e l y  new means 
of  d u p l i c a t i n g  a f u n c t i o n .  

Aerospace o r g a n i z a t i o n s  have a lso c o n t r i b u t e d  t o  t h e  re f inement  of 
hear t - lung  machines used t o  r e p l a c e  t h e  h e a r t  t empora r i ly  d u r i n g  s u r g e r y .  
I n  1961, t h e  hlarquardt Corpora t ion  c o n s t r u c t e d  a hea r t - lung  machine and 
accompanying hypothermia u n i t  f o r  t h e  Department of  Thorac ic  Surgery a t  
t h e  UCLA hledical Cen te r  under  t h e  d i r e c t i o n  o f  D r .  James V. Maloney, Jr. 
The syste!n inco rpora t ed  ae rospace  fail-safe des ign  p r i n c i p l e s  and con- 
t a i n e d  a number of o t h e r  i nnova t ions .  The equipment was donated  by Aiar- 
q u a r d t  to  t h e  UCLA hledical Cen te r ,  and t h e  company also s e n t  c o p i e s  of 
b l u e p r i n t s  and o t h e r  des ign  d e t a i l s  t o  many o t h e r  o r g a n i z a t i o n s  i n t e r -  
ested i n  c o n s t r u c t i n g  similar systems.  

I was a s s o c i a t e d  wi th  t h e  hlarquardt hea r t - lung  machine and hypo- 
thermia  u n i t  development and can  t e s t i f y  t h a t  i t  was a clear example of 
t h e  t r a n s f e r  of spacc' r e s e a r c h  c a p a b i l i t y  t o  a new medical requi rement .  
Marquardt ' s  b i o a s t r o n a u t i c s  department  had been formed to  work on space  
l i f e  s c i e n c e ;  t h e  o t h e r  e n g i n e e r i n g  s k i l l s  t h a t  were brought  i n t o  t h e  
e f f o r t  were p r i m a r i l y  space  o r i e n t e d .  The equipment a t  UCLA h a s  func- 
t i o n e d  wi thout  f a i l u r e  through thousands  of human o p e r a t i o n s  and expe r i -  
mental  p rocedures  c a r r i e d  o u t  on  dogs. I t  h a s  i n f l u e n c e d  t h e  d e s i g n  of 
o t h e r  hea r t - lu  g machines t h a t  are now used  a t  o t h e r  medical  c e n t e r s .  

I n  1965, t h e  Na t iona l  Heart I n s t i t u t e  a t  N I H  i i x t i t u t e d  a major pro- 
gram to "develop a n  implan tab le  h e a r t  w i t h  a ten-year  r e l i a b i l i t y  w i t h i n  
t h e  nex t  t e n  years." While t h e  program was under  way, N I H  gave a number 
of s t u d y  c o n t r a c t s  to  ae rospace  companies. The program was c u t  back se- 
v e r e l y  i n  1967, and t h e  p r e s e n t  l e v e l  of a r t i f i c i a l  h e a r t  funding  i s  about  
t h e  same as i t  w a s  be fo re  t h e  program w a s  s tar+.ed.  C i r c u l a t o r y  assist 
dev ices  and a better unde r s t and ing  of t h e  e f f e c t s  of  blood on materials 
are now stressed as pr imary  r e s e a r c h  o b j e c t i v e s .  

I n  1965 and 1966, a series of s i x  majar s t u d i e s  exp lo red  v a r i o u s  
parameters  of  t h e  f e a s i b i l i t y  of deve loping  a ten-year  r e l i a b i l i t y  a r t i -  
f i c i a l  h e a r t  by 1975. The o r g a n i z a t i o n s  t h a t  performed t h e s e  s t u d i e s  
are l i s t e d  i n  Table  12.  Four  of t h e s e  s i x  o r g a n i z a t i o n s  are p r i m a r i l y  
aerospace  o r g a n i z a t i o n s ;  one of t h e  o t h e r s ,  SRI, has  had a c l o s e  associ- 
a t i o n  w i t h  t h e  space  program. A s  a r e s u l t  of these s t u d i e s ,  i t  was con- 
c luded  t h a t  t h e  o r i g i n a l  ten-year  c r a s h  program was u n r e a l i s t i c ,  and t h e  
program was r e d e f i n e d  along more modest goals. 
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Table 12  

ORGANIZATIONS THAT CONDUCTED srumEs EVALUATING 
NEAR TERM FEASIBILITY OF THE ARTIFICIAL HEART 

Organ iza t ion  Is P r i m a r i l y  a Space C o n t r a c t o r  

B i o a s t r o n a u t i c s  Group Performed t h e  A c t u a l  Work I 
on Heart  Program 

Hamilton S tanda rds  D i v i s i o n  of United A i r c r a f t ,  
Farmington, Conn. 

S t a n f o r d  Research I n s t i t u t e ,  Menlo Park,  C a l i f .  

Therm0 E l e c t r o n  Corpora t ion ,  Waltham, Mass. 

Westinghouse Corpora t ion ,  P i t t s b u r g h ,  Pa. 

AiResearch Labora to ry ,  AVCO, E v e r e t t ,  Mass. 

Convair D i v i s i o n  of General  Dynamics, San Diego, C a l i f .  I 

There w a s  a d i r e c t  t r a n s f e r  of s p a c e  r e s e a r c h  s k i l l s  i n  t h o s e  art i-  
f i c i a l  h e a r t  i n v e s t i g a t i o n s .  D r .  W i l l i a m  A.  S h a f e r ,  t h e  program d i r e c t o r  
of t h e  a r t i f i c i a l  h e a r t  i n v e s t i g a t i o n  at t h e  Convair D iv i s ion  of General  
Dynamics,s ta ted t h a t  ". . . Our ar t i f ic ia l  h e a r t  program r e l i e d  on per-  
sonne l  who have been working on space  programs. The Convair group 
had been p a r t  of General  Dynamics Astronaut ics  before it w a s  merged i n t o  
t h e  Convair  D iv i s ion .  

Table 12  c l e a r l y  shows t h a t  space  l i f e  s c i e n c e  o r g a n i z a t i o n s  provided 
t h e  b a s i c  r e s e a r c h  c a p a b i l i t y  t h a t  a l lowed a thorough e v a l u a t i o n  of t h e  
f e a s i b i l i t y  of t h e  ar t i f ic ia l  h e a r t  program t o  be made. B i o a s t r o n a u t i c s  
groups performed four  of  t h e  s i x  major s t u d i e s .  Both SRI and Westing- 
house have had a close r e l a t i o n s h i p  wi th  t h e  space  program, a l t h o u g h  
n e i t h e r  is p r i m a r i l y  engaged i n  space  R&D and r e l a t e d  p roduc t ion .  

Some of t h e  s o c i a l  and moral dilemmas r a i s e d  by h e a r t  t r a n s p l a n t a -  
t i o n  may cause an a c c e l e r a t e d  a r t i f i c i a l  h e a r t  program to  be r ev ived  when 
t h e  p r e s e n t  '3rnmental f i s c a l  p r e s s u r e s  on R&L) fund ing  are eased .  Aero- 
space  organi ,  *ions could a g a i n  p rov ide  t h e  technology t r a n s 2 e r  of i n t e r -  
d i s c i p l i n a r i a n  r e s e a r c h  c a p a b i l i t y  to meet t h e  t o t a l  program requiremexts .  
M i n i a t u r i z a t i o n  and s y s t e m s  r e l i a b i l i c y  would t%e l i k e l y  areas of space  
r e s e a r c h  t r a n s f e r  t o  a r t i f i c i a l  requirements .  
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Other  aerospace  companies have worked on a r t i f i c i a l  o rgans .  North 
American Rockwell has  developed a n  a r t i f i c i a l  kidney i n  i t s  Aerospace 
and Systems group. 
anism f o r  a p a r t i a l  h e a r t  replacement s y s t e m  used on human p a t i e n t s  by 
Houston 's  D r .  Michael De  Bakey. D r .  Toby Freedman'' of North American 
s ta tes  t h a t  t h e  r e s e a r c h  c a p a b i l i t y  developed f o r  b i o a s t r o n a u t i c s  enab led  
t h e  company t o  under take  t h e  a r t i f i c i a l  organ work s u c c e s s f u l l y .  A l m o s t  
a l l  t h e  aerospace  companies wi th  large l i f e  s c i e n c e  departments  have in-  
v e s t i g a t e d  a r t i f i c i a l  o rgans  as a p o s s i b l e  d i v e r s i f i c a t i o n  o b j e c t i v e .  
Many of them have sponsored small p ropr i e<- s rv  programs t h a t  have a direct  
r e l a t i o n s h i p  t o  a r t i f i c i a l  organ requiremt .\. 

I t  has  a l s o  developed a compressed a i r  va lv ing  mech- 

E l e a r o n  Microscopy Image Enhancement 

The promising medical a p p l i c a t i o n s  of computer enhancement o f  images 
were reviewed i n  t h e  prev ious  s e c t i o n .  E l e c t r o n  microscopy was only  
b r i e f l y  mentioned, because i t  is  a r e s e a r c h  c a p a b i l i t y  t r a p s f e r  and t h e  
one t h a t  promises t o  make t h e  most ini2ortant  c o n t r i b u t i o n  t o  o v e r a l l  bio-  
medical s c i e n t i f i c  progress .  

Our p r e s e n t  e l e c t r o n  microscopes can a t  b e s t  r e s o l v e  images down t o  
a range of 5 t o  8 Angstroms. If t h e  r e s o l u t i o n  could  be improved t o  Gne 
Angstrom, i n d i v i d u a l  atoms i n  organic molecules  would be v i s i l l e .  Such 
a r e s o l u t i o n  would permit  a " d i r e c t  readout"  of t h e  s t r u c t u r e  of t h e  coin- 
p l e x  molecules t h a t  make up l i v i n g  organisms. 

e 

14 

Computer image enhancement was o r i g i n a l l y  conceived i n  t h e  l a t e  1950s 
by D r .  Robert  Nathan" of t h e  Space Sc ience  Div i s ion  of JPL as a means of 
improving e l e c t r o n  microscope images. The technique  w a s  subsequent ly  de- 
veloped to  meet t h e  requi rements  of Ranger, Mariner ,  and Surveyor  photo 
process ing .  During t h e  p a s t  two y e a r s ,  D r .  Nathan 's  group has  been d i -  
r e c t e d  t o  biomedical  a p p l i c a t i o n s  wi th  a c l i n i c a l  and r e s e a r c h  p o t e n t i a l .  

Dr. Nathan has  r e f i n e d  t h e  requi rements  t h a t  would a l l o w  image en- 
hancement t o  improve t h e  o p z r a t i o n  of e l e c t r o n  microscopy by an o r d e r  of 
magnitude p e r m i t t i n g  a one-Angstrom r e s o l u t i o n .  To o b t a i n  t h i s  g o a l ,  t h e  
p r e s e n t  image p rocess ing  techniques  must be a p p l i e d  and a l s o  combined 
wi th  a new p r i n c i p l e ,  s y n t h e t i c  l e n s  a p e r t u r e  format ion .  With t h i s  l a te r  
method, a series of photographs w i l l  have t o  be t aken  wherein t h e  e x i s t -  
i n g  e l e c t r o n  l e n s  must be t i l t e d  r e l a t i v e  t o  t h e  normal o p t i c a l  a x i s  t o  
g i v e  rise to  "dark f i e l d ' '  images. The a p p l i c a t l o n  of a r e l a t i v e l y  com- 
p l i c a t e d  mathematical  t r ea tmen t  t c  t h e s e  images permi ts  them t o  be re- 
combined i n  such a manner as to  s i m u l a t e  a s i n g l e  l a r g e  l e n s  t h a t  is 
necessary f o r  t h e  i n c r e a s e d  r e s o l u t i o n .  
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The combination of techniques  e n t a i l e d  i n  e l e c t r o n  microscopy-image 
enhancement has  gone through proof -of - p r i n c i p l e  experiments  u s i n g  s imple  
o rgan ic  compounds. Many t e c h n i c a l  requi rements  must  be s a t i s f i e d  be fo re  
the  technique  i s  p e r f e c t e d .  The e n t i r e  p rocess  w i l l  probably r e q u i r e  com- 
p l e t e  automatic)n under  d i r e c t  computer c o n t r o l  t o  p e r m i t  t he  necessary 
s t e p s  to  be c a r r i e d  ou t  i n  a s h o r t e r  pe r iod  of time than  human d e x t e r i t y  
would permit  . 

Organic compounds s t u d i e d  i n  contemporary e l e c t r o n  microscopy are 
low i n  c o n t r a s t .  Details are s e e n  by shadowing or immersing t h e  specimen 
with a heavy metal such as p la t inum or t ungs t en .  Th i s  method provides  
only  s u p e r f i c i a l  d e t a i l s .  rhe image enhancement us ing  s y n t h e t i c  l e n s  
a p e r t u r e s  should  permi t  images t o  be ob ta ined  from t h e  o r i g i n a l  o r g a n i c  
materials without  heavy metal shadowing. One-Angstrom r e s o l u t i o n  images 
of uns t a ined  biDlogica1 molecules  w i l l  permit  u s  t o  see t h e  i n d i v i d u a l  
a tomic arrangements  i n  t h e  compounds--hence, a d i r e c t  readout  c a p a b i l i t y  
t h a t  wolild enab le  us  t o  know t h e  p r e c i s e  s t r u c t u r e  of e v e r y  molecule i n  
an organism. The new f i e l d  of molecular biology would have t h e  r e q u i s i t e  
ins t runien tac ion  t o  pcrtnit  i t  t o  become a n  e x a c t  s c i e n c e .  

0 

The p o t e n t i a l  c o n t r i b u t i o n  of e l e c t r o n  microscopy image enhancement 
promises t o  p l a c e  i t  i n  t h e  t r u e  r e s e a r c h  breakthrough ca t egory .  D r .  
Nathan observes :  
a s p e c i f i c  need. . . . A s  I see i t  now, t h e  technique  o f f e r s  e n d l e s s  pos- 
s i b i l i t i e s  which w e  f e e l  compelled to  exp lo re .  . . . Seeing  t h e  atom 
should open t h e  door t o  t h e  s t r u c t u r e  of DNA--the molecule of l i f e .  The 
e x c i t i n g  p o s s i b i l i t y  i s  t h a t  w e  may soon see t h e  atom by u s i n g  those  i d e a s  
which he lped  u s  t o  see t h e  Moon and Mars." Th i s  r e s e a r c h  t r a n s f e r  would 
have an impact on e v e r y  branch of biomedical  r e s e a r c h .  -'A complete under- 
s t a n d i n g  of t h e  s t r u c t u r e  of DNA and r e l a t e d  molecules  may p rov ide  t h e  
key  t o  a f u l l  unders tanding  of t h e  causes o f ,  and p o s s i b l e  cures f o r ,  a l l  
forms of malignancy. 

" t h e  p rocess  was o r i g i n a l l y  a s i n g u l a r  a p p l i c a t i o n  t o  

The e l e c t r o n  microscopy e f f o r t  has  t h e  hj>,*-Lest p r i o r i t y  among t h e  
items to  be exp lo red  i n  t h e  $900,000 N I H  two-year  program scheduled  t o  
begin i n  t h e  summer of 1968. The program a l s o  w i l l  i n c l u d e  o p t i c a 1 m i c r c . -  
copy. The JPL group has  a l r e a d y  begun t o  automate t h e  l i g h t  microscope. 
The p o s i t i o n i n g  of t h e  s l i d e ,  ad jus tment  of t he  l i g h t ,  and focus ing  are 
to  be p laced  under computer control whi le  t h e  magnif ied image i s  being 
examined by a t e l e v i s i o n  camera whose ou tpu t  is f e d  i n t o  t h e  computer. 
This  s:iould prove t o  be impor tan t  from a r e s e a r c h  t r a n s f e r  s t a n d p o i n t  
and w i l l  be u s e f u l  i n  both  t h e  p h y s i c a l  and b i o l o g i c a l  s c i e n c e s .  

D r .  Nathan 's  group p l ans  t o  u s e  automated l i g h t  microscopy f o r  re- 
sea rch  on chromosome a n a l y s i s  and t o  r e c o n s t r u c t  a three-dimensional  model 
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of t h e  neural  network of t h e  b r a i n  of a f l y ,  which should  be u s e f u l  i n  
p a t t e r n  r e c o g n i t i o n  and a r t i f i c i a l  i n t e l l i g e n c e  researcn. The t echn iques  
may also permit  a conipl t te  unders tanding  of blood c i r c u l a t i o n  a t  t h e  cel- 
l u l a r  l e v e l .  Many o t h e r  l i g h t  microscopy a p p l i c a t i o n s  can  be envis ioned .  

O the r  Research T r a n s f e r  Exper iences  

There are many small r e s e a r c h  a p p l i c a t i o n s  t h a t  may not  a l l  be i n  

Alexander  s. I rons13  
t h e  breakthrough class but  t h a t  c o l l e c t i v e l y  amount t o  a s i g n i f i c a n t  ad- 
vance i n  b i o x e d i c a l  l a b o r a t o r y  s ta te  of t h e  a r t .  
of JPL p o i n t s  out  t h a t  e t h y l e n e  oxide  develo-Jed f o r  s p a c e c r a f t  s teri l i-  
z a t i o n  has  been used i n  s t e r i l i z i n g  p l a s t i c s  t h a t  cannot  be hea t  steri- 
l i zed .15  
tals where many items of p l a s t i c  must be d i s c a r d e d  a f t e r  one u s e .  Mr. 
I r o n s  a lso b e l i e v e s  t h a t  t h e  s t e r i l i z a t i o n  requi rements ,  which cause more 
s o p h i s t i c a t e d  b a c t e r i a l  de tec t ion  s y s t e m s  t o  be developed,  w i l l  have an 
impor tan t  r e s e a r c h  impact. N e w  means t o  c u l t u r e  and, t h e r e b y ,  i d e n t i f y  
bacteria are among t h e  t echno log ie s  b e n e f i t i n g  from t h e  s t e r i l i z a t i o n  
program. These w i l l  be u s e f u l  i n  many d i s e a s e  r e s e a r c h  programs and may 
f i n d  a p p l i c a t i o n s  i n  c l i n i c a l  d i a g n o s i s .  

Th i s  technique  may a l s o  f i n d  widespread a p p l i c a t i o n s  i n  hospi -  

D r .  Robert G. Lindberg” of ‘;he Northrop Corpora t e  L a b o r a t o r i e s  h a s  
i n v e s t i g a t e d  t h e  pocket  mouse as a poss ib l c  s u b j e c t  f o r  a n  o r b i t a l  bio-  
satellite.18 Pocket mice r e q u i r e  no w a t e r ;  t hey  obta in  a l l  t h e i r  water 
by r e a b s o r p t i o n  from f e c e s  and u r i n e .  Th i s  animal i s  now be ing  used  i n  
nonspace r e s e a r c h  i n c l u d i n g  r a d i a t i o n  and h i b e r n a t i o n  s t u d i e s .  

Other  Northrop scient is ts  have found t h a t  equipment developed f o r  
space r e s e a r c h  can  be adopted  f o r  o t h e r  requi rements  wi thout  s i g n i f i c a n t  
mod i f i ca t ion .  Small a c c e l e r a t i o n  s leds  have been used  t o  examine s a f e t y  
parameters  i n  an automobile  s a f e t y  program. Guinea p i f r s  and rhesus  mon- 
keys were used on t h e  sleds. 

Nor throp  s p a c e c r a f t  s i m u l a t i o n  chambers have been used  f o r  oceano- 
g r a p h i c  requi rements .  Northrop is r e s p o n s i b l e  f o r  ana lyz ing  phys io log i -  
cal d a t a  f rom t h e  Navy’s S e a l a b  I1 program i n  which aquanauts  remained 
a t  a Z O O - f o o t  dep th  i n  a h igh  p r e s s u r e  helium-oxygen atmosphere for pe- 
r i o d s  t o  one month. The Northrop space  s i m u l a t i o n  chambers are j u s t  as 
s u i t a b l e  f o r  t h e  s imula t ion  of h i g h  p r e s s u r e  ocean dep ths  as they  are 
f o r  t h e  subnormal p r e s s u r e s  1 f a s p a c e c r a f t  environment. A l m o s t  e v e r y  
major space  f a c i l i t y  ( i n  governmental l a b s  and i n  i n d u s t r y )  has  compa- 
r a b l e  chambers t h a t  could  be used  i n  e i t h e r  space  or oceanographic  re- 
s e a r c h .  
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The p r e s s u r e  chambers can a l s o  be used i n  medical hype rba r i c  r e s e a r c h  
i n  whic!i l a r g e r  than normal amounts of oxygen are d i s so lved  i n  t h e  blood 
plasma, bypassing t h e  hemoglobin i n  t h e  blood ce l l s .  The e f f e c t s  of h igh  
p r e s s u r e  oxygen could be s t u d i e d  i n  a s s o c i a t i o n  wi th  many d i s e a s e  p rocesses ,  

Space r e s e a r c h  on v a r i o u s  a r t i f i c i a l  atmosphere gas  mixtures  has  un- 
covered d a t a  u s e f u l  i n  d i s e a s e  r e sea rch .  S u b j e c t s  maintained i n  pure  oxy- 
gen a t  o rd ina ry  sea - l eve l  p r e s s u r e  f o r  several weeks developed symptoms 
s imi la r  t o  emphysema. Th i s  i s  t h e  c l o s e s t  t h a t  s c i e n c e  has  coIne t o  a r t i -  
f i c i a l l y  inducing  emphysema i n  t h e  l a b o r a t o r y .  The r e s e a r c h  t r a n s f e r  t o  
pulmonary d i s e a s e s  may be s i g n i f i c a n t .  

I t  has  a l s o  been d iscovered  t h a t  a pure  oxygen atmosphere o f t e n  causes 
b l indness  i n  r a b u i t s .  This  has  been a u s e f u l  r e sea rch  t r a n s f e r  t o  sc ien-  
t i s ts  i n v e s t i g a t i n g  t h e  growth of f i b r o u s  t i s s u e  behind t h e  l e n s  of t h e  
e y e s  ( r e s r l t i n g  i n  b l indness )  of premature bab ie s  who have been p laced  
i n  a h igh  oxygen environment.  

The e f f e c t s  of r a d i a t i o n  have been a major space  e x p l o r a t i o n  area 
of concern.  There has  been r e s e a r c h  i n  many l a b o r a t o r i e s  t h a t  i s  e q u a l l y  
a p p l i c a b l e  to  many AEC r e s e a r c h  requi rements .  Northrop s c i e n t i s t s  have 
found d i s c e r n i b l e  changes i n  monkey ur ine  a i t e r  high r a d i a t i o n  exposure ,  
which may be of va lue  i n  cance r  therapy  r e sea rch .  S ince  charged r ad ia -  
t i o n  p a r t i c l e s  are of primary concern i n  space ,  h igh  magnetic f i e l d s  have 
been proposed f o r  l i gh twe igh t  r a d i a t i o n  s h i e l d i n g  of a s t r o n a u t s  du r ing  
p l a n e t a r y  miss ions .  S t u d i e s  on t h e  b i o l o g i c a l  e f f e c t s  of h igh  magnet ic  
f i e l d s  could  l e a d  t o  many r e s e a r c h  a p p l i c a t i o n s  i n  o t h e r  biomedical  f i e l d s ,  
s i n c e  t h e  f i e l d  of biomagnet ics  i s  i n  its in fancy .  

Vernon Rogal lo  of NASA A m e s  Reseamh C e n t e r  developsd a n  ex t remely  
s e n s j t i v e  device  t o  d e t e c t  t h e  impact of micrometeoroids h i t t i n g  a space- 
c r a f t  i n  o r b i t  or on an  escape  t r a j e c t o r y .  The s e n s i n g  e l e m e n t s a r e  piezo-  
e lec t r ic  beams i . t t ached  t o  a f l a t  p l a t e  target.  The ins t rument  i s  so sen- 
s i t i v e  t h a t  i t  c.in d e t e c t  t h e  impact of one-thousandth of a gram of sodium 
c h l o r i d e  f a l l i n g  t ' :we-eighths  of an  inch .  

B i o l o g i s t s  had t r a d i t i o n a l l y  measured t h e  h e a r t b e a t  of ch icken  em-  
bryos bv pass ing  e l e c t r o d e s  through t h e  s h e l l  i n t o  t h e  embryo or by break- 
i n g  9 ndow through t h e  s h e l l  t o  permi t  t h e  bea t  t o  be seen. Roga l lo ' s  
i n ,  .it was so  s e n s i t i v e  t h a t  i t  cou1.d measure t h e  small movement caused 
a i  che ch ick  embryo h e a r t b e a t  when t h e  s e n s o r ' s  t a r g e t  was rep laced  w i t h  
a small egg baske t .  
cardiogram on t h e  ca thode  d i s p l a y  tube .  

The t o t a l  egg movement produced a v e r y  good b a l l i s t o -  
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Vernon Roga l lo ' s  dev ice  has  a l s o  been modif ied t o  d e t e c t  t he  t i n y  
muscle t remors  a s s o c i a t e d  wi th  t h e  onse t  of Pa rk inson ' s  d i s e a s e .  Tlie 
chicken embryo a p p l i c a t i o i i  i s  a good example of in s t rumen ta t ion  t r a n s f e r  
from space  phys ica l  s c i e n c e s  t o  biomedical  r e s e a r c h ,  and i t  L-'.ou.'.~ have 
many a p p l i c a t i o n s .  

M i n i a t u r i z a t i o n  i s  provid ing  many spacc  t r a n s f e r  o p t i o n s  t o  bi omedi- 
c a l  r e sea rch .  Another Ames  deve loprenc ,  an  u l t r a m i n i a t u r e  manometer-tipped 
cardiac c a t h e t e r  (see NASA Tech B r i e f  67-10669), was a research t r a n s f e r  
: rom a high:) accurate minia2ur ized  i n s t  mment fo r  wasuremen t s  i n  wiad 
tunnel;. This  device  has been implanted i n  a chamber of  a l i v i n g  human 
hear t ,  providing b e t t e r  p r e s s u r e  d a t a  than  could  be ob ta ined  through o l d e r  
measurement techntques  . An a c c u r a t e  measurement of h e a r t  chamber p res su r2  
is impor tan t  i n  research on cardiac dis-ase and i n  a r t i f i c i a l  hear t  deve l -  
opment. 

The u s e  of t h e  computer i n  handl ing  large amounts of p h y s i o l c g i c a l  
data i s  a n  important  research t r a n s f e r  t h a t  cannot  be as e a s i l y  i d e n t i f i e d  
as a s p e c i f i c  s enso r  t h a t  may f i n d  a new r e s e a r c h  a p p l i c . i t i o n  with l i t t l e  
or no m o d i f i c a t i ~ n . ~ ~  Almost avery  r e s e a r c h  s c i e n t i s t  ir.ieruizwed i n  the 
s tudy  mentioned computer techniques  as being one of cnc. ms.-jor con t r ibu -  
t i o n s  t h a t  t h e  space program has  made t o  biomedical  r e scn rch .  The p a s t  
t e n  years of space e x p l o r a t i o n  have co inc ided  w i t h  i n t e n s i v e  ievelopment 
and a p p l i c a t i o n  of high speed d i g i t a l  computers f o r  dL. r e s e a r c h  a p p l i c a -  
t i o n s .  NASA requirements have made an  impor tan t  c o n t r i b u t i o n .  I t  is ques- 
t i o n a b l e  whether comparable p rogres s  would have been made without  t h e  space  
program. 

D r .  Adey a t  tk.e UCLA Bra in  Research I n s t i t u t e  has s ta ted t h a t  computer 
p rocess ing  procedures  f o r  EEG reco rd ing  , r e f i n e d  for space requi rements  , 
hcrcve proven t o  be u s e f u l  i n  o t h e r  ongoing b r a i n  research a t  the m s t i t u t e .  
He  a l s o  ci tes t h e  u s e  of t e l e m e t e r i n g  sys t ems ,  developed for space  r equ i r e -  
ments, t h a t ,  when u s z d  i n  connectiorl  w i th  t h e  sponge-type electro:!e helmet, 
(dcsc r ibed  i n  t h e  p rev ious  s e c t i o n )  are p rov id ing  u s e t u l  r e s e a r c h  data 
on ac t ive  p a t i e n t s  s u b j e c t  t o  sch izophran ia ,  sloso~elling, and so f o r t h .  
These EEG d a t a  are computer processed .  

Tn some cases, NASA-sponsored research yroinisez t o  provide  r e s e a r c h  
t i w i a f e r  when a l l  t h i  f u t u r e  r e s e a r c h  s t e p s  i n  t h e  program are completed.  
NASA has  supporter! a n  imagina t ive  program i n  r e a i c e d  !actabolism wi th  a 
p r i n a r y  o b j e c t i * - 3  of p e r m i t t i n g  a s t r o n a u t s  t o  e n t e r  a s t a t e  of human h i -  
be rna t ion  du r ing  aanned p l a n e t a r y  e x p l o r a t i o n  miss ions .  

D r .  Henry Swan of t h e  Research I n s t i t u t e  f o r  B io log ica l  S t u d i e s  i n  
Denver has  completed the  f i r s t  phase of a N;?SA progrLnl t h e t  Eay have 
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widespread a p p l i c a t i o n s  i n  research and c l i n i c a l  t r e a t m e n t ,  28 
was a b l e  to e x t r a c t  a subs t ance  from the  b r a i n s  of A f r i c a n  l u n g f i s h  t h a t ,  
when i n j e c t e d  i n t o  rats, caused  them to  enter a p a r t i a l  s ta te  of hiberna-  
t i o n  wi th  a me tabo l i c  drop of 30 t o  40 p e r c e n t .  D r .  Swan has  named t h i s  
e x t r a c t  anabolone,  and i t  should be u s e f u l  i n  r e s e a r c h  on cance r ,  shock, 
f a t i g u e ,  s l e e p ,  and t h e  ag ing  p rocess .  

D r .  Swan 

Research T r a n s f e r  Summary 

Th i s  s e c t i o n  has p r e s e n t e d  a r e p r e s e n t a i i v e  sample of r e s e a r c h  tech- 
n iques  t h a t  are be ing  t r a n s f e r r e d  from d i v e r s e  space  requirements  to  meet 
t h e  needs of medical i n v e s t i g a t i o n  o u t s i d e  of  a s t r o n a u t i c s .  One of the 
most important  avenues of research t r a n s f e r  cannot  be e a s i l y  measured-- 
t h e  a s t r o n a u t i c s  R&D s k i l l s  that  s c i e n t i s t s  are t a k i n g  wi th  them as t h e y  
go from a space  o r g a n i z a t i o n  t o  an o u t s i d e  biomedical r e s e a r c h  p o s i t i o n .  
Unfo r tuna te ly ,  much of t h e  r e s e a r c h  t r a n s f e r  a t  t h e  p r e s e n t  t i m e  may be 
due to  t h i s  p r o c e s s ,  s i n c e  space  budget c u t s  are caus ing  a h i g h e r  t u rn -  
o v e r  t h a n  would be  t h e  normal p a t t e r n  of a t t r i t i o n  i n  a stable or growing 
f i e l d .  

The t r a n s f e r  of i n t e r d i s c i p l i n a r i a n  t e a m  c a p a b i l i t i e s  w i l l  con t inue  
as more ambi t ious  medical r e s e a r c h  programs are s e l e c t e d  f o r  major fund- 
i n g  suppor t .  Unmanned and manned p l a n e t a r y  surface e x p l o r a t i o n  w i l l  c ause  
many new i n s t r u m e n t s  t o  be developed t h a t  w i l l  be u s e f u l  i n  o u t s i d e  bio- 
medical r e s e a r c h .  The use  of t h e  computer t o  monitor  and c o n t r o l  space  
research is l e a d i n g  t o  a p a r t i a l  automation of many biomedical research 
f u n c t i o n s .  

The d i v e r s i t y  of research t r a n s f e r s  i l l u s t r a t e s  the fundamental  
u n i t y  o f  a l l  s c i e n t i f i c  i n v e s t i g a t i o n .  W e l l  s uppor t ed  space e x p l o r a t i o n  
shou ld  con t inue  t o  p rov ide  a cornucopia  of r e s e a r c h  t r a n s f e r s  t o  a l l  
branches of biomedical i n v e s t i g a t i o n  because (1) space  e x p l o r a t i o n  cove r s  
almost a l l  t h e  p h y s i c a l  and biological s c i e n c e s  and (2) advanced space 
mis s ions  p r e s s  the e x i s t i n g  state of t h e  a r t  through eve ry  t e c h n o l o g i c a l  
i n t e r f a c e .  N e w  i n s t r u m e n t s  and r e s e a r c h  methodology must be c o n s t a n t l y  
devised.  Space economic t r a d e o f f s  c a u s e  m i n i a t u r i z e d  i n s t r u m e n t a t i o n  
s y s t e m s  t o  be developed that c o u l d  n o t  be e a s i l y  j u s t i f i e d  for o t h e r  re- 
quirements .  The i n g e n u i t y  of space  s c i e n t i s t s  has  been most impress ive  
and can be expected t o  con t inue  t o  p rov ide  unique s o l u t i o n s  t o  a h o s t  
of biomedical research problems i n  many d i s c i p l i n e s .  
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ADAPTION PROBLEMS AND SOME POSSIBLE SOLUTIONS 

The previous sections have detailed the time (frequently several 
years) that has elapsed from the initial availability of a specific item 
with life science technology transfer potential, its initial clinical test- 
ing, and the rather long time period elapsing before it enters standard 
clinical practice. In most cases, these items have not been produced in 
quantity and can only fie identified as existing transfer items inzsmuch 
as they have passed all the initial clinical testing and can be expected 
to be used on a limited basis or in widespread application during the 
ye?.rs ahead. 

It can be positively stated that space life science has, in fact, 
broken the historic 10- to 15-year technology gap or cycle that has pre- 
vailed in the adoption of new methods and proven technology in clinics 
and hospitals and by physicians operating independently. However, f o r  
the full impact of the space program to be accepted by the general pub- 
lic, it will be necessary to reduce this time lag further so that basic 
physiological data, specific hardware items, and the other advances in 
the biomedical state of the art stemming from bioastronautics research 
will be dispersed more rapidly throughout the research establishment and 
employed in clinical practice. Furthermore, there is a well recognized 
crisis pending in the broad field of public health. Medicare has aggra- 
vated the overcrowded conditions in our hospitals today. The public is 
demanding better medical attention. It is impossible to train nurses, 
physicians, and technicians in a reduced period of time. In fact, the 
greater body of knowledge that they must now absorb may actually extend 
the period OP education, which is already extremely intensive. 

We must turn to advanced technology to satisfy the reqcirements that 
are coming up in the field of public health and clinical practice. It is 
the only way in which the decreasing ratios of physicians, nurses, and techni- 
cians to the population are able to provide even the existing standard of 
medical diagnosis, treatment, and related services. There will be fewer 
of these highly skilled individuals per capita in the future. They must 
rely increasingly on new means of making their time and skills more effec- 
tive and selective. There is no challenge or promise throughout the spec- 
trum of space technology transfer options greater than this pressing need. 
If it can be satisfactorily solved, then we will have an understanding 
of the transfer process that should allow us to vastly accelerate the 
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t r u e  rate of p rogres s  i n  ou r  s o c i e t y .  We would be able t o  o b t a i n  an o p t i -  
mum b e n e f i t  from our i n c r e a s i n g  R&D investmlmt i n  f i e l d s  o u t s i d e  a s t ronau-  
t i cs  ( c u r r e n t  to ta l  of $25 b i l l i o n  p e r  y e a r ) .  

\ .  
I l i n i c a l  data a v a i l a b l e  on the  h e a l t h y  a d u l t  have been widely pub- 

l i s h e d  i n  r e p o r t s ,  p a p e r s ,  and a p p r o p r i a t e  s c i e n t i f i c  j o u r n a l s .  The names 
of s c i e n t i s t s  who would have a d d i t i o n a l  data no t  y e t  pub l i shed  are s u f f i -  
c i e n t l y  well known t h a t  t h e y  can be e a s i l y  c o n t a c t e d  by o t h e r  r e s e a r c h  
i n v e s t i g a t o r s .  The p r i n c i p a l  barrier t o  t h e  more widespread a p p l i c a t i o n  
of t h i s  i n fo rma t ion  is t h e  fac t  t h a t  i t  is widely d i s p e r s e d  throughout  
many r e f e r e n c e  s o u r c e s  and h a s  no t  y e t  been brought t o g e t h e r  i n  a s i n g l e  
document t h a t  could s e r v e  as a s t a n d a r d  l i b r a r y  r e f e r e n c e  source  a lso 
a v a i l a b l e  f o r  purchase by t h e  p h y s i c i a n  or research s p e c i a l i s t .  

There is enough in fo rma t ion  a t  the  p r e s e n t  t i m e  to  warrant  t h e  prep- 
a m t i o n  of  a d e t a i l e d  monograph on t h e  s u b j e c t  t h a t  might be pub l i shed  
as a two- or p o s s i b l y  a three-volume set. NASA has  the  i n t e r n a l  c a p a b i l -  
i t y  of producing such a monograph. A i t e i n a t i v e l y ,  a n  a p p r o p r i a t e  o u t s i d e  
group of s c i e n t i s t s  i n  a u n i v e r s i t y ,  lic r - ~ a l ,  or s p e c i a l i z e d  b ioas t ronau-  
t ics  o r g a n i z a t i o n  such as the Lovelace C l i n i c  might be selected by g r a n t  
or c o n t r a c t  for the  commission of such a monograph. S e v e r a l  s c i e n t i s t s  
with whom the a u t h o r  has discussed t h i s  s u b j e c t  i n  dep th  have sugges t ed  
t ha t  t h i s  would be not  o n l y  an extremely u s e f u l  program bu t  t h a t  i t  would 
br ing t h e  b e n e f i t s  of p a s t  b i o a s t r o n a u t i c s  programs t o  the a t t e n t i o n  of 
many s c i e n t i s t s  throughout  the b i o l o g i c a l  f i e l d s  who are prone t o  con- 
s t a n t l y  c r i t i c i z e  the space program because their  own f i e l d s  of s p e c i a l t y  
have been n e g l e c t e d  from a fund ing  s t a n d p o i n t  f o r  t h e  p a s t  t e n  y e a r s .  

The i n t e r n a l  or e x t e r n a l  costs of p r e p a r i n g  a monograph tha t  p rov ides  
t h e  known c l in ica l  d a t a  on the  h e a l t h y  astronaut or a s t r o n a u t  s u b s t i t u t e  
would probably f a l l  i n  t h e  $25,000 to  $50,000 range. These exc lude  t h e  
actual p u b l i c a t i o n  costs t h a t  are t r a d i t i o n a l l y  h igh  f o r  medical books. 
The p u b l i c a t i o n  costs would be more than offset by the a c t u a l  sale of 
the volume or volumes t o  l ibraries,  medical s c h o o l s ,  research l i b r a r i e s ,  
and i n d i v i d u a l s .  I d e a l l y ,  such a monograph would be updated eve ry  f i v e  
years and would l o g i c a l l y  become t h e  s t a n d a r d  compendium of p h y s i o l o g i c a l  
parameters  on t h e  a d u l t  who is i n  e x c e l l e n t  p h y s i c a l  c o n d i t i o n  and is  n o t  
s u f f e r i n g  from p a t h o l o g i c a l  p rocesses .  The a u t h o r  s t r o n g l y  recommends 
che c o n s i d e r a t i o n  of t h e  p r e p a r a t i o n  of such  a document when NASA l i f e  
s c i e n c e  funding pe rmi t s  t h i s  l e v e l  of  e f f o r t ,  Perhaps a n o t h e r  agency 
such as NIH might sponsor  t h e  program, 

S c i e n t i s t s  who have employed t echn iques  developed f o r  b ioas t ronau-  
t ics  requirements  have u s u a l l y  a l s o  been a c t i v e  i n  t h e  space  programs. 
I n  o t h e r  words, t hey  are t h e  company, h o s p i t a l ,  o r  u n i v e r s i t y  s c i e n t i s t s  
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who have engaged i n  a mix of ac t iv i t i e s .  The t r a n s f e r  p rocess  is immedi- 
a t e ,  s i n c e  t h e  same i n d i v i d u a l  employs t echn iques  r e f i n e d  f o r  space re- 
s e a r c h  i n  h i s  o t h e r  on-going a c t i v i t i e s .  
l eagues  who are i n  immediate c o n t a c t  w i th  space  l i f e  s c i e n t i s t s  have been 
a b l e  t o  make immediate u s e  of t h e  r e s e a r c h  t echn iques  developed f o r  bio- 
a s t r o n a u t i c s  requirements  i n  a d j o i n i n g  1aboraLor l e s .  The a u t h o r  w a s  not 
able t o  make an in-depth i n v e s t i g a t i o n  t o  l e a r n  i f  t h e s e  r e s e a r c h  t ech -  
n iques  are a l s o  being widely employed by s c i e n t i s t s  who have had no d i r e c t  
or i n d i r e c t  c o n t a c t  w i th  v a r i o u s  space  programs. However, t h e  consensus 
r - m g  r e s e a r c h  s p e c i a l i s t s  who have d i s c u s s e d  t h e  s u b j e c t  seems t o  be t h a t  
these r e s e a r c h  t echn iques  are f i l t e r i n g  s lowly i n t o  l a b o r a t o r i e s  t h a t  may 
be p h y s i c a l l y  removed from b i o a s t r o n a u t i c s  R&D. 

I n  many cases, r e s e a r c h  c o l -  

The t r a n s f e r  of r e s e a r c h  t echn iques  may be cons ide red  t h e  s o f t w a r e  
s i d e  of t h e  s u b j e c t  t o  which t h i s  r e p o r t  is addressed.  S c i e n t i s t s  work- 
i n g  i n  v a r i o u s  branches of biology and medicine have a l s o  experienced a 
similar s t a t e - o f - t h e - a r t  technology gap concerning t h e  equipment they  use  
to  pursue t h e i r  r e s e a r c h  o b j e c t i v e s .  By t h i s  i s  meant a gap similar t o  
t h e  10- to  15-year gap i n  t h e  a p p l i c a t i o n  of  advanced technology o v e r a l l  
c l i n i c a l  requirements .  H i s t o r i c a l l y ,  t h i s  has  been due t o  t h e  f a c t  t h a t  
biomedical r e s e a r c h  has  always been s p a r s e l y  funded, compared wi th  re- 
s e a r c h  i n  t h e  p h y s i c a l  sciences. 

For t h e  p a s t  20 y e a r s ,  t h e  t o t a l  na t iona l  R&D inves tment  i n  t h e  bio-  
medical s c i e n c e s  h a s  remained approximately 10 t o  12  p e r c e n t  of t h e  t o t a l  
commitment made i n  t h e  p h y s i c a l  sciences. These pe rcen tages  are somewhat 
d e c e p t i v e ,  because t h e  to ta l  p h y s i c a l  R&D i n c l u d e s  a much l a r g e r  p o r t i o n  
of t h e  development funds a.s opposed to  b a s i c  and a p p l i e d  r e s e a r c h .  I n  
t h e  l i f e  s c i e n c e s ,  more funds  are a c t u a l l y  a l lot ted t o  b a s i c  and a p p l i e d  
r e sea rch  than  to development, a reversal of t h e  u s u a l  R&D funding p a t t e r n .  
P r e s e n t  t r e n d s  sugges t  t h a t  i n  t h e  next  f i v e  y e a r s  l i f e  s c i e n c e s  b a s i c  
and a p p l i e d  r e s e a r c h  may grow more r a p i d l y  t h a n  t h e  rate of growth i n  
phys i ca l  s c i e n c e  r e s e a r c h .  

I f  i n d i v i d u a l  l i f e  science r e s e a r c h  budgets  r e a c h  a n  ave rage  fund- 
i n g  l eve l  t h a t  pe rmi t s  t h e  u s e  of s o p h i s t i c a t e d  i n s t r u m e n t a t i o n  and com- 
p u t e r  time, t h e n  t h e  r e s e a r c h  methodology s i d e  of technology t r a n s f e r  
could be more important  t han  i t  is a t  t h e  p r e s e n t  time. Some interme- 
d i a t e  and long  range p lann ing  is warranted i n  t h i s  area, P rope r ly  d i -  
r e c t e d ,  i t  would enhance t h e  overall e f f e c t i v e n e s s  of t h e  t r a n s f e r  proc- 
ess and a l s o  convince many s k e p t i c a l  s c i en t i s t s  of t h e  a n c i l l a r y  R&D 
b e n e f i t s  of t h e  space program. 
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Research Disseminat ion Opt ions  

The d i s semina t ion  of l i f e  sciences r e s e a r c h  techniques  cannot  become 
a more e f f e c t i v e  p rocess  s imply by p repa r ing  a monograph or series of 
monographs d e s c r i b i n g  t h e s e  new l a b o r a t o r y  procedures  and hardware items 
and how they  may be a p p l i e d  t o  f i e l d s  o u t s i d e  b i o a s t r o n a u t i c s .  Unlike 
phys io log ica l  d a t a  on the  h e a l t h y  a d u l t ,  t h e  f i e l d  of r e s e a r c h  techniques  
w e  are d e a l i n g  wi th  is very  f l u i d , w i t h  new t h i n g s  being proven and a p p l i e d  
on a real time b a s i s .  We are p r i m a r i l y  d e a l i n g  wi th  t h e  so f tware  s i d e  of 
technology t r a n s f e r .  I n  some cases, s p e c i f i c  items of equipment,  p r i m a r i l y  
l a b o r a t o r y  lash-ups t h a t  l a c k  permanancy, are requ i r ed .  B u t  b a s i c a l l y ,  i t  
is t h e  method of doing t h i n g s  t h a t  is impor tan t  r a t h e r  t han  t h e  t o o l s  ehi- 

ployed t o  accomplish a r e s e a r c h  o b j e c t i v e .  Seve ra l  p o s s i b i l i t i e s  are open 
t o  f u r t h e r  a n a l y s i s  t h a t  may make t h i s  a s p e c t  of technology t r a n s f e r  more 
e f f e c t i v e .  

A j o i n t  NASA-NIH committee might be e s t a b l i s h e d  t o  d i s semina te  space  
b i o a s t r o n a u t i c s  r e s e a r c h  t echn iques  f u r t h e r  throughout  t h e  l i f e  s - i e r c e s  
programs c a r r i e d  o u t  under  t h e  a u s p i c e s  of N I H .  The l a t t e r  agency’s  sup- 
p o r t  is impor tan t ,  becauso i t  i n t e r n a l l y  and e x t e r n a l l y  p rov ides  t h e  fund- 
ing  f o r  w e l l  over ha l f  t he  biomedical  R&D i n  t h e  United S t a t e s .  Th i s  j o i n t  
committee should  be a f a i r l y  e f f e c t i v e  means of a c c e l e r a t i n g  t h c  a p p l i c a -  
t i o n  of new r e s e a r c h  techLiques.  Such a committee could  be expanded t o  
inc lude  r e p r e s e n t a t i v e s  from t h e  o t h e r  government agencies r e spons ib l e  
f o r  va r ious  l i f e  science r e s e a r c h  f i e l d s .  

A symposium could  be h e l d  i n  some a p p r o p r i a t e  p l a c e ,  probably Wash- 
ing ton ,  to  i d e n t i f y  f u r t h e r  f o r  t h e  b i o l o g i s t  and phys ic i an  wi th  no p rev i -  
ous acqua in tancesh ip  t h e  specific r e s e a r c h  techniques  t h a t  have come o u t  
of b i o a s t r o n a u t i c s .  I n i t i a l l y ,  such  a symposium might be o f f e r e d  as a 
one-day a d d i t i o n  t o  one of t h e  h e a v i l y  a t t e n d e d  meet ings of some society 
wi th in  t h e  l i f e  s c i e x e  f i e l d .  Cooperat ion of t h e  Aerospace Medical Asso- 
c i a t i o n  as t h e  sponsor ing  group f o r  such a symposium might be cons ide red .  
If s u c c e s s f u l ,  t h e  symposium might become a n  annual e v e n t ,  or i t  cculd  
evolve  i n t o  something t h a t  would be he ld  s e p a r a t e l y  on a p e r i o d i c  b a s i s  
and not  as an a d j u n c t  t o  scheduled  meet ings of t h e  o t h e r  o r g a n i z a t i o n s .  

The NASA Tech B r i e f s  adequa te ly  b r i n g  t o  l i g h t  s p e c i f i c  hardware 
items and some r e s e a r c h  t echn iques ,  However, t h e r e  are many r e s e a r c h  
techniques  t h a t  are no t  covered i n  t h e  p r e s e n t  technology t r a n s f e r  iden-  
t i f i c a t i o n  ac t iv i t ies .  S c i e n t i s t s  developing t h e s e  new techniques  should  
be encouraged t o  i d e n t i f y  them s p e c i f i c a l l y  and a l s o  t o  mention o t h e r  
f i e l d s  of biomedical i n v e s t i g a t i o n  where, i n  t h e  v iew of t h e  i n d i v i d u a l  
s c i e n t i s t ,  they  might be used  i n  new l a b o r a t o r y  procedures .  A f t e r  such 
d a t a  are compiled,  a d d i t i o n a l  thought  could  be given t o  t h e  b e s t  means 
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of b r ing ing  it  t o  the  a t t e n t i o n  of p e r s p e c t i v e  u s e r s  who may not  even be 
aware o f  t h e  NASA Technology U t i l i z a t i o n  Program. 

The g r e a t e s t  p r e s e n t  technology t r a n s f e r  b a r r i e r  i n  b i o a s t r o n a u t i c s  
l i e s  i n  b r ing ing  t h e  specific hardware items from the space  l a b o r a t o r y  and 
o p e r a t i o n a l  sys t ems  t o  the  h o s p i t a l ,  c l i n i c ,  and o t h e r  u s e s  where t h e s e  
items can enhance performance and i n  many cases measure p h y s i o l o g i c a l  data 
i n  a way t h a t  has  never  before been done. 
i s  i n  t r a n s f e r r i n g  hardware and t h e  r e l a t e d  ways of u s i n g  i t .  To under- 
s t a n d  t h i s  s i g n i f i c a n t  b a r r i e r  f u l l y ,  one must f i rs t  ana lyze  t h e  unique 
f e a t u r e s  of t h e  o r g a n i z a t i o n s  t h a t  develop such hardware. We are t a l k i n g  
about  government agency l a b o r a t o r i e s ,  n o n p r o f i t  o r g a n i z a t i o n s ,  u n i v e r s i t y  
laboratories, h o s p i t a l s  o p e r a t i n g  under  NASA g r a n t  or c o n t r a c t ,  and,  most 
important of a l l ,  aerospace companies. 

I n  s h o r t ,  t h e  g r e a t e s t  b e r r i e r  

Aerospace o r g a n i z a t i o n s  o p e r a t e  d i f f e r e n t  c h a p t e r s ,  ownership,  and 
t . r a d i t i o n a l  areas of r e s p o n s i b i l i t y .  The one t h i n g  t h a t  they  a l l  have i n  
common i s  t h a t  they  are p r i m a r i l y  d e a l i n g  with s e r v i c e s  or produc t s  funded 
by  or sold t o  some branch of t h e  government--federal ,  s ta te ,  or local. 
Th i s  i s  as t r u e  of the aerospace  company as it  is  of t h e  governnent  lab-  
o r a t o r y  producing some s y s t e m  t o  meet t h e  requi rements  of the  space  pro- 
gram. The e x e c u t i v e s  and s c i e n t i s t s  w i t h i n  a l l  such o r g a n i z a t i o n s  are 
accustomed t o  t h i n k i n g  i n  terms of  a somewhat unique marke t ,  t h a t  funded 
by government agenc ie s  as opposed t o  t h e  l a r g e r  m a r k e t s  i n  s o c i e t y  w i t h i n  
t h e  p r i v a t e  s e c t o r  of t h e  economy. The market ing c a p a b i l i t i e s  of a l l  such 
organi  z a t  i ons  are government agency-d i rec ted .  The account ing  procedures  
they  employ and v a r i o u s  items t h a t  e n t e r  i n t o  the  g e n e r a l ,  a d m i n i s t r a t i v e ,  
and r e l a t e d  overhead costs are unique t o  a n  i n d u s t r y  t ha t  must a d j u s t  t o  
the peaks and v a l l e y s  of government funded a c t i v i t i e s  whether space  o r i -  
a t e d  or  o therwise .  Th i s  i n f l u e n c e s  e v e r y t h i n g  from market ing t o  the  ac- 
t u a l  des ign  and product ion  of equipment. 

I t  i s  well known t h a t  a n  ae rospace  company or d i v i s i o n  of a company 
cannot  compe t i t i ve ly  manufacture items t h a t  must compete i n  the  commercial 
f i e l d .  A s e p a r a t e  o r g a n i z a t i o n  or d i v i s i o n  must be set  up t o  accomplish 
t h i s  goa l  w i t h i n  a company. I n  many cases, des ign  e n g i n e e r s  must be re- 
t a i n e d  so they  w i l l  no t  "gold p l a t e "  items. 
aerospace  companies have d e s p e r a t e l y  a t tempted  t o  d i v e r s i f y  o u t s i d e  of 
t h e i r  t r a d i t i o n a l  government markets. For t he  most p a r t  they  have not  
been s u c c e s s f u l  except  i n  cases where d i v e r s i f i c a t i o n  was achieved  by a 
merger or a c q u i s i t i o n ,  Consequent ly ,  one can s t i l l  s a y  t ha t  aerospace  
o r g a n i z a t i o n s  are no t  f a m i l i a r  wi th  nongovernmental markets .  Here we 
are p r i m a r i l y  concerned wi th  a broad medical market t h a t  s e r v e s  h o s p i t a l s ,  
c l i n i c s ,  and phys ic i ans .  We are t h i n k i n g  next  of o r g a n i z a t i o n s  t h a t  a l s o  
s e r v e  t h e  l a b o r a t o r y  whether i t  be i n  an academic environment ,  n o n p r o f i t  
o r g a n i z a t i o n ,  government agency, or a c o r p o r a t i o n .  

During t h e  p a s t  t e n  y e a r s ,  
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A HvDothetical ExamDle 

To understand some of the transfer barriers in bioastronautics, it 
may be useful to review a hypothetical example. The electronic stetho- 
scope is an interesting item to consider] because almost every aerospace 
company with a significant bioastronauLics capability ha 
constructed a prototype electronic stethoscope. In most cases it was not 
constructed in anticipation of a space life science requirement. Usually 
t;he effort was proposed as a diversification activity. 
electronic stethoscope was feasible, because a life science group had 
been brought together in anticipation of bioastronautics requirements, 
A number of prototype electronic stethoscopes were given serious consid- 
eration by companies between 1959 and 1964. 

designed and 

Constructing an 

The total market actually extends far beyond the number of physicians 
in the United States, since such an eiectronic stethoscope might be effec- 
tively used by nurses and nonmedically trained people caring for the ill 
at home. 

When the electronic stethoscope is perfected, it goes through initial 
clinical testing, which can usually be easily accomplished by a physician 
working in the bioastronautics department. Next comes the question of who 
will produce and market the device. It is a one of a kind item and no di- 
vision in the company sells within the nongovernment medical market, Fur- 
thermore, there may be to proprietary patents necessary for the design of 
this system; it can be easily copied, or designed around, by any other 
organization that decides to compete in the market. 

The success of the electronic stethoscope prototype usually warranted 
a market research analysis, probably conducted by in-house people who were 
not knowledgeable about the hospital, clinic, and physician markets. They 
were likely to give far less attention to such an assignment than they 
would to areas that lie within their customary expertise. Assuming that 
a favorable report reached the :-ompany management , there were probably 
three alternatives for further action. 

1, The company can attempt to license the stethoscope to some qual- 
ified manufacturer of biomedical equipment, ,which would not be 
a satisfactory solution if the device did not have some patent- 
able or other proprietary features, 

2. The company can consider the possibility of acquiring an inde- 
pendent manufacturer and marketer of biomedical equipment who 
would handle the stethoscope line and also serve as an outlet 
for other technology items developed as a result of space life 
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s c i e n c e  e f f o r t s .  Here t h e  pyoblems are somewhat formidable .  P. 
major commitment of company r e sources  i s  being cons ide red  and 
t h e w  has  been a d e f i n i t e  s c a r c i t y  of a v a i l a b l e  companies t h a t  
would meet t h e  p r o f i t  and o t h e r  requi rements  t h a t  have been es- 
t Lblished f o r  a c q u i s i t i o n  purposes .  

During t h e  e a r l y  1960s t h e r e  was a medical e l e c t r o n i c  craze 
t h a t  swept through i n d u s t r y ,  and most of  t h e  a t t r a c t i v e  inde-  
pendent  medical  equi2ment companies a v a i l a b l e  a t  t h a t  t i m e  were 
acqu i red  by larger i n d u s t r i a l  concerns ,  p r i n c i p a l l y  t h o s e  no t  
engaged i n  aerospace  a c t i v i t i e s .  Some contend tha t  n o t  enough 
time h a s  e l a p s e d  t o  allow a new f s m i l y  of independent  medical  
equipment manufac turers  t o  come a long  t o  meet what seems t o  be 
an  obvious a c q u i s i t i o n  requirement .  

3. The t h i r d  p o s s i b i l i t y  would be t o  manufacture  a l i m i t e d  number 
of e l e c t r o n i c  s t e t h o s c o p e s  and then  a t t empt  t o  s e l l  them by ad- 
v e r t i s i n g  i n  a p p r o p r i a t e  p u b l i c a t i o n s  or th rough some other in -  
d i rect  sales means. Such a p roposa l  is l i k e l y  t o  be d i smis sed  
out  of hand, because i t  v i o l a t e s  a l l  the  s t a n d a r d  procedures  
used  i n  manufactur ing and market ing a product  l i n e .  The end 
r e s u l t  is t h a t  t h e  e l s c t r o n i c  s t e thoscope  i s  l i k e l y  to  be set 
a s i d e  and f o r g o t t e n .  I f  some a t t empt  has been made t o  f i n d  a 
marke t  for t h e  dev ice ,  t h e n  t h e  fa i lure  t o  do  so  w i l l  l i k e l y  
be mentioned eve ry  time a p roposa l  is p r e s e n t e d  t o  t r a n s f e r  
some comparable item from space  l i f e  s c i e n c e  to  nonspace mar- 
k e t  requi rements .  

I n  summary, t h e  ae rospace  companies l a c k  a manufactur ing and market- 
i n g  o r g a n i z a t i o n  t o  t r a n s l e r  b i o a s t r o n a u t i c s  hardware items q u i c k l y  i n t o  
i n i t i a l  c l i n i c a l  t e s t i n g  and l a t e r  widespread u s e  w i t h i n  a l l  t h e  sectors 
of t h e  medical marke t .  The time r e q u i r e d  t o  ach ieve  such  a n  o b j e c t i v e  
competes w i t h  o t h e r  proposed a c t i v i t i e s  t h a t  l i e  w i t h i n  t h e  mainstream 
of t h e  ae rospace  company's goals, c o r p o r a t e  o b j e c t i v e s ,  and areas of  h i s -  
to r ic  s u c c e s s ,  

The Role of t h e  Champion 

I t  i s  i n t e r e s t i n g  t o  n o t e  t h e  many cases i n  which t h e  technology 
t r a n s f e r  has  been made i n  s p i t e  of :Jhat may seem t o  be a n  insurmountable  
b a r r i e r .  I n  almost every  case, t h i s  t r a n s f e r  has  been made on ly  because 
i t  has  found a champion somewhere w i t h i n  t h e  o r g a n i z a t i o n  who h a s  managed 
t o  c a r r y  it through t o  e v e n t u a l  s u c c e s s ,  F requen t ly ,  t h i s  champion may 
be a company o f f i c e r  or h igh  r ank ing  e x e c u t i v e  who becomes i n t e r e s t e d  i n ,  
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or intrigued by, the technology itself as opposed to the possibility of 
profit from manufacturing and marketing such an item. 
the individual scientists responsible for the technology may spend their 
spare time attempting to achieve the transfer. The investigation disclosed 
that a large percentage, if not most, of the successful technology trans- 
fer items has been achieved sub rosa or by bootlegged time and effort, al- 
though usually with the tacit approval of management, Here we are dealing 
with one of the interesting advantages of the transfer process in the life 
sciences. 

In other cases, 

The average technically oriented person tends to be intrigued by the 
application of new technology to health problems. WITHOUT. THIS VERY SIG- 
NIFICANT PSYCHOLOGICAL FACTOR, LIFE SCIENCE TECHNOLOGY TRANSFER WOULD BE 
A DISMAL FAILURE TODAY, However, if one recognizes the tremendous advan- 
tages that this attitude of mind brings to life science technology trans- 
fer, then the application of a little "Machiavellian cunning" can signifi- 
.s!ntly increase the rate of life sciences transfer in a large organization. 
l'he solution is--simply find more champions. 

The Physician Barrier 

The barriers to hardware transfer do not entirely lie within the 
aerospace company or other developing organizations. In many cases we 
are dealing with the prejudice or lack of knowledge of physi-cians and 
other scientists working in hospitals, university laboratories, and sim- 
ilar institutions. They will readily cooperate with a company in the 
clinical testing phase of some hazdware item, and its use will be appro- 
priately reported in a paper delivered before some learned society. How- 
ever, they tend to think of the company activities as being a philanthropic 
effort that may partly stem from a collective corporate guilt complex aris- 
ing from the fact that much of the companies' efforts may lie in the devel- 
opment and production of weapons for military applications--in other words, 
the old "merchants of death" identification. 

Dealing with the aerospace company is a new experience for most hos- 
pital and university physicians. During the clinical testing phase, they 
observe very generous investments of time and equipment resources in a new 
program. Measured from a dollar standpoint, they are probably dealing 
with a far larger expenditure than they are accustL..,ed to in dealing with 
other organizations, particularly manufacturers of biomedical systems out- 
side of the space field, 

A s  a result of initial misinterpretation of the realities of the 
business world, many of these physicians and scientists simply do not 
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understand that an aerospace company cannot regard the development and 
manufacture of any item of advanced technology as a philanthropic gesture 
to society. In some cases limited activities might be carried in the in- 
terests of public relations. But one should not confuse that endeavor 
(which may cover the clinical testing phase Gf a system) with the require- 
ments of manufacturing, distributing, and marketing. Consequently, the 
attitude of specialists operating outside aerospace organizations has been 
detrimental to achieving a faster or  more effective technology transfer of 
hardware systems. 
but it definitely exists and points to the need to educate these physi- 
cians and scientists with the realities of aerospace modus operandi. 

This may be a somewhat difficult barrier to surmount, 

First it must be clearly pointed out that these organizations are 
not attempting to bring the bioastronautics hardware items into the clin- 
ical and nonspace research spheres because of soiIic: conscious or subcon- 
scious guilt complex stemming from their association with military pro- 
grams. Furthermore, consideration should be given a ,  the very beginning 
of a clinical testing phase to the many subsequent problems entailed in 
manufacturing and mar!:eting the device if successful, Bringing the non- 
aerospace physician and scientist into this analytic and decision-making 
loop should be of great benefit in achieving the desired education proc- 
ess and also in obtaining knowledge that would not be available within 
the aerospace organization. 

Adaption Problems and Solutions Summarv 

The adaption problems in space life science transfer are primarily 
related to communications and funding, Such areas as distributing clin- 
ical, physiological, and psychological data are clearly communications 
problems. Once the communications barriers are well understood, alter- 
native steps will be undertaken automatically to ease and possibly elim- 
inate them. As a rule, the solution of communications barriers does not 
require large amounts of money. 

The role of the champion should be analyzed relative to all technol- 
ogy transfer activities including those efforts outside of the life sci- 
ences, An agency with specific funds for space life science transfer 
would elevate the role of the champion to an official function, freed 
from the barriers that exist when work must be carried out on a quasi- 
clandestine basis, 

The existence of the champion underscores a mental attitude that 
could be exploited in space life scimce transfer, Stated briefly, it 
is the fact that most engineers, scientists, and officials with technical 
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backgrounds are f a s c i n a t e d  by biomadical  problems for  which they  can  see 
a s o l u t i o n  w i t h i n  t h e i r  own expe r i ence  spectrum. Once they  are convinced 
through a p p r o p r i a t e  review wi th  biomedica? s p e c i a l i s t s ,  t hey  have t h e  
mot iva t iona l  s a t i s f a c t i o n  of having made a discover:., small or l a r g e .  
I n  some cases, the d i scove ry  may s imply be t\e need of suppor t  from a n  
i n f l u e n t i a l  person  i n  t h e  o r g a n i z a t i m .  

The first decade of space  e x p l o r a t i o n  has  c l e a r l y  demonstrated t h e  
important  a d a p t i o n  problems i n  b r i n g i n g  space  developed c a p a b i l i t i e s  t o  
broad biomedical  needs. The nex t  t e n  y e a r s  cou ld  wi tnes s  a smooth tech- 
nology t r a n s f e r  f l o w  based on o u r  expe r i ence  t o  date. 
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THE PRESENT AND FUTURE TECHNOLOGY TRANSFER 
BIOMEDICAL IMPACT OF THE SPACE PROGRAM 

During t h e  f i r s t  decade of t h e  American space  program, t h e r e  was a 
d i v e r s e  p a t t e r n  of technology t r a n s f e r  t o  requirements  i n  c i in ica l  medi- 
c ine and b i o l o g i c a l  r e sea rch .  Ten y e a r s  of expe r i ence  c l e a r l y  i n d i c a t e  
t h a t  much needs t o  be known about  t h e  dynamics of t h e  t r a n s f e r  p rocess  
i t s e l f .  P r o g r e s s  w i l l  undoubtedly be made i n  unde r s t and ing  how b e s t  t o  
i n i t i a t e  t h e  t r a n s f e r  p rocess  when a promising i t e m  can be f i r s t  i d e n t i -  
f i e d .  

I t  would be misleadin[  t o  sugges t  t h a t  t h e r e  has  been a massive 
t r a n s f e r  of space technology t o  t h e  biomedical area. However, e x p e r i e n c e  
shows t h a t  t h e  t r a n s f e r  has  n o t  been r e s t r i c t e d  to  b i o a s t r o n a u t i c s  systems 
but has  been d e r i v e d  from almost e v e r y  branch of advanced space technology. 

Some of t h e  most important  t r a n s f e r s  have cone from space  programs 
w i t h  no  biomedical con ten t .  The computer image enhancement t echn ique  may 
prove t o  be t h e  most important  or t h e s e  t r a n s f e r s ,  and i t s  o r i g i n a l  space  
a p p l i c a t i o n s  were completely devoid of any b i o l o g i c a l  c o n t e n t .  The wheel- 
less wheelchair  and measurement of c h i c k  embryo h e a r t b e a t  w e r e  t r a n s f e r s  
from nonb io log ica l  requirements .  Rocket technology has  been t r a n s f e r r e d  
t o  a p p l i e d  r e s e a r c h  on t h e  a r t i f i c i a l  h e a r t .  Graph i t e  imp lan t s  promise 
t o  be a s e r e n d i p i t o u s  t r a n s f e r  from r o c k e t  nozz le  technology.  Instrumen- 
t a t i o n  used i n  biomedical r e s e a r c h  has  come from t h e  nonb io log ica l  s i d e  
of a s t r o n a u t i c s  as f r e q u e n t l y  as from b i o a s t r o n a u t i c s  progrnms. 

A l m o s t  a l l  t h e  d i s c i p l i n e s  t h a t  may c o n t r i b u t e  to  biomedicine are 
rep resen ted  i n  a vigorous space  program. App l i cab le  technology w i l l  be 
developed f o r  t r a n s f e r  t o  a lmost  eve ry  o u t s i d e  area, i n c l u d i n g  t h e  l i f e  
s c i e n c e s .  There are t h r e e  f a c t o r s  t h a t  i n f l u e n c e  t h e  q u a n t i t y  and qual-  
i t y  of technology t r a n s f e r  from t h e  total  space progran t o  a l l  s e c t o r s  
of medicine and b i o l o g i c a l  r e s e a r c h .  They are: 

1. The to ta l  s i z e ,  fund ing ,  and d i v e r s i t y  of t h e  space program it- 
s e l f  (NASA, DOD, and o t h e r s ) .  

2. The amount of government agency funding f o r  biomedicine ( c l i n i -  
cal  R&D), a long  wi th  p r i v a t e  e x p e n d i t u r e s  f o r  biomedical equip- 
ment and EWLD. 
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3. The lundirlg l e v e l  and s o p h i s t i c a t i o n  of formal technclogy trans- 
f e r  e f f o r t s  d i r e c t e d  t o  space  t r a n s f e r  o p t i o n s .  

The p r e s e n t  impact of space l i f e  s c i e x e  technology t r a n s f e r  i s  viewed 
a g a i n s t  t1.e somewhat unique background of t h e  f i r s t  decade of o u r  space  
e f f o r t .  Programs b e f o r e  1968 were i n c o n s e q u e n t i a l  compared wi th  t h e  sub- 
sequent  l e v e l  of  e f f o - t .  The early p a r t  of t h e  decade saw r a p i d l y  r i s i n g  
NASA budgets  w i th  adequate  fund ing  t o  s u p p o r t  a very wide range of space  
e x p l o r a t i o n  g o a l s .  Increasing budgets w i t h  a h igh  pe rcen tage  devoted t o  
R&D w i l l  c r e a t e  f a r  more t r a n s f e r  o p t i o n s  than  a r e l a t i v e l y  l e v e l  budget 
w i th  most 02 t h e  fund ing  i n  s u p p o r t  of o p e r a t i o n a l  programs. 

The d i v e r s i t y  of i d e n t i f i a b l e  space biomedical t r a n s f e r s  c l e a r l y  den- 
o n s t z a t e s  t h a t  a well funded s p a c e  program w i l l  produce a v a r i e t y  of inno- 
v a t i o n s  and s y s t e m s  t h a t  w i l l  meet biomedical needs. The e x t e n t  t o  which 
they may be widely used w i l l  also depend on programs t o  l n t r o d u c e  advanced 
technology i n t o  t h e  biomedical f i e l d s .  

I n  October 1965, a program ( P u b l i c  Law 89-239) w a s  i n i t i a t e d  t o  es- 
t a b l i s h  RMP (Regional Medical Program) c e n t e r s  t h a t  would c o n t a i n  t h e  most 
advanced equipment to  t reat  h e a r t  d i s e a s e ,  s t r o k e s ,  c a n c e r ,  and r e l a t e d  
d i s e a s e s .  The Rnlp program w a s  o r i g i n a l l y  scheduled t o  spend s e v e r a l  hun- 
dred m i l l i o n  d o l l a r s  t o  equ ip  r e g i o n a l  c e n t e r s  w i th  advanced systems. The 
RMP program was under  t h e  c i i rec t ion  of  N I H ,  and i t s  budget h a s  been se- 
v e r e l y  cut  a long  with o t h e r  r e d u c t i o n s  i n  N I H  budgets.  

The p r e s e n t  impact of space biomedical  t r a n s f e r  h a s  been a d v e r s e l y  
a f f e c t e d  by t h e  f a c t  t h a t  f e d e r a l  fund ing  f o r  biomedical R&D and c l i n i c a l  
suppor t  w a s  d e c l i n i n g  a t  t h e  same t i m e  space  funding w a s  be ing  reduced. 
The t r a n s f e r  p i c t u r e  would be more f a v o r a b l e  i f  funds t h a t  would have 
gone i n t o  space  had been d i v e r t e d  t o  t h e  biomedical programs i n s t e a d  of 
t o  o t h e r  areas. 

W e  see t h a t  t h e  p r e s e n t  technology t r a n s f e r  p i c t u r e  has  been a d v e r s e l y  
in f luenced  by n e g a t i v e  funding t r e n d s  i n  f a c t o r s  1 and 2 du r ing  t h e  p a s t  
two years, and t h i s  p a t t e r n  is l i k e l y  t o  p r e v a i l  du r ing  t h e  next  y e a r .  

Many imponderables are e n t a i l e d  i n  e v a l u a t i n g  f a c t o r  3. Technology 
t r a n s f e r  w a s  wr i t t en  i n t o  t h e  space  act  i n  1958, bu t  no body of expe r i ence  
r e a l l y  e x i s t e d  as a gu ide  i n  i n i t i a t i n g  technology t r a n s f e r .  The y e a r s  
1958-63 were c h a r a c t e r i z e d  as a p e r i o d  of almost un l imi t ed  p u b l i c  s u p p o r t  . 
f o r  space e x p l o r a t i o n ,  and t h e r e  w a s  no f o r e s e e a b l e  need t o  f i n d  j u s t i f i -  
c a t i o n  f o r  t h e  program o u t s i d e  s u c c e s s f u l  space  missions.  Technology 
t r a n s f e r  budgets have been r e l a t i v e l y  modest du r ing  t h e  f i r s t  t en  y e a r s  
of NASA's e x i s t e n c e .  
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Aerospace c o r p o r a t i o n s  and o t h e r  o r g a n i z a t i o n s  where t h e  technology 
is a c t u a l l y  developed have not  p l aced  g r e a t  importance on technology trans- 
f e r .  Responsible  people  have expec ted  i t  to  occur ,  but  marke t s  i n  t h e  bio- 
medical f i e l d  are much more d i f f i c u l t  t o  d e f i n e  than  m a r k e t s  i n  o t h e r  areas 
of space  technology t r a n s f e r .  With t h e  excep t ion  of areas i n f l u e n c e d  by 
an i n t e r n a l  champion, suppor t  was expec ted  t o  come from t h e  o u t s i d e .  

I n  assessing t h e  p r e s e n t  impact of space  on t h e  l i f e  s c i e n c e s ,  men- 
t i o n  should  be made of developments t h a t  cannot  be c l e a r l y  i d e n t i f i e d  as 
t r a n s f e r s  de r ived  from space  technology. Almost everyone in t e rv i ewed  i n  
t h i s  s tudy  mentioned t h e  advanced s o l i d  s ta te  computers t h a t  are now widely 
employed throughout  t h e  n a t i o n ' s  R&D f a c i l i t i e s .  The use  of s o p h i s t i c a t e d  
computer techniques  i n  biomedical  r e s e a r c h  and c l i n i c a l  o r g a n i z a t i o n s  i s  
regarded by many l e a d i n g  s c i e n t i s t s  and phys ic i ans  as a space  technology 
dividend.  There have been many f a v o r a b l e  t r e n d s  i n f l u e n c i n g  advanced com- 
p u t e r  development and a p p l i c a t i o n  du r ing  t h e  p a s t  t e n  y e a r s .  The r equ i r e -  
ments of space  have unques t ionably  been one of t h e  most impor tan t  i n f l u -  
ences  on computer development. I t  is doub t fu l  t h a t  computers would be 
as advanced as they  are today i f  t h e r e  had been no U.S. space  program. 

The Future  Impact 

The ma jo r i ty  of t h e  t r a n s f e r  items i d e n t i f i e d  i n  t h i s  s t u d y  are s t i l l  
i n  t h e  i n i t i a l  c l in ica l  t e s t i n g  phase.  Most of them are l i k e l y  t o  be suc- 
c e s s f u l  and t o  be widely employed i n  t h e  next  few y e a r s .  The e x t e n t  t o  
which t h i s  o p t i m i s t i c  f o r e c a s t  w i l l  be v e r i f i e d  depends t o  a great e x t e n t  
on f a c t o r  2. How much government funding  w i l l  be  a v a i l a b l e  i n  t h e  next  
few years to  suppor t  development and c l i n i c a l  a c q u i s i t i o n  of s o p h i s t i c a t e d  
biomedical  technology? A prudent  man would expe(:t t o  see a n  i n c r e a s e  i n  
such funds  when t h e  f iscal  p r e s s u r e s  of t h e  rJie:xamese war are eased .  
There i s  a con t inu ing  demand f o r  medical r e s e a r c h  and t h e  very  b e s t  c l i n i -  
cal treatment. The h e a l t h  f i e l d  i s  c e r t a i n l y  not expec ted  t o  expe r i ence  
a p u b l i c  suppor t  crisis similar t o  t h e  p r e s e n t  p a t t e r n  a f f e c t i n g  t h e  space 
program (which could  be r eve r sed ) .  The re fo re ,  factor 2 should  e x e r t  a 
f a v o r a b l e  i n f l u e n c e  on t r a n s f e r  items t h a t  are I n  t h e  e a r l y  s t a g e s  of ac- 
ceptance .  The near-future impact of space on biomedicine would l i k e l y  be 
g r e a t e r  t han  t h e  p r e s e n t  impact even i f  t h e  space program were suddenly 
t e rmina ted  . 

The f u t u r e  impact of t h e  total  space  program on biomedicine w i l l  
a l s o  be in f luenced  by f a c t o r  1. A w e l l  f i n a n c e d ,  d i v e r s e  space  program 
would produce an i n c r e a s i n g  number of l i f e  science t r a n s f e r  o p t i o n s .  An 
i n t e n s i v e  manned space  e f f o r t  would probably produce t h e  g r e a t e s t  amount 
of biomedical f a l l o u t .  The s imul taneous  development of advanced space  
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s t a t i o n s ,  l u n a r  bases ,  and l i f e  suppor t  requirements  f o r  manned p l a n e t a r y  
missions would produce an i d e a l  environment f o r  technology t r a n s f e r .  The 
d e t a i l s  of space  e x p l o r a t i o n  beyond 1971 are extremely s p e c u l a t i v e  a t  the 
p r e s e n t  t i m e .  Unquestionably,advanced manned o r b i t a l ,  l u n a r ,  and plane-  
t a r y  missions w i l l  be i m i t a t e d ,  but  t h e i r  t iming now appea r s  less c e r t a i n  
t h a n  i t  was a few years ago--say i n  1965. When t h e s e  programs are a l l  i n  
f u l l  development, technology t r a n s f e r  i n t o  t h e  l i f e  s c i e n c e s  would e x p e r i -  
ence  a d rama t i c  i n c r e a s e .  

Unmanned and manned p l a n e t a r y  e x p l o r a t i o n  should be e spec ia l ly  f r u i t -  
f u l  r e l a t i v e  t o  biomedical t r a n s f e r .  The p r e s e n t  unmanned p l a n e t a r y  ex- 
p l o r a t i o n  concep t s  are c e n t e r e d  on Mart ian l i f e  d e t e c t i o n .  The t r a n s f e r  
areas tha t  can now be i d e n t i f i e d  i n  our  p r e s e n t  concept  of t h e  Voyager 
program were summarized i n  Table 11. There would l i k e l y  be a number of 
unexpected or s e r e n d i p i t o u s  t r a n s f e r s  from Voyager. 

Manned p l a n e t a r y  e x p l o r a t i o n  would p r e s e n t  t h e  requirements  t h a t  can  
be expec ted  t o  have the  greatest t r a n s f e r  p o t e n t i a l .  The long  t e r m  phys- 
i o logy  monitor ing of the a s t r o n a u t s  would demand a n  on-board s p a c e c r a f t  
r e l i a b i l i t y  t w o  o r d e r s  of magnitude beyond p r e s e n t  requirements .  On-board 
computer a n a l y s i s  of d a t a  would probably be necessary.  M i n i a t u r i z e d  equip- 
ment t o  a n a l y z e  samples of Mart ian so i l  for  the p resence  of l i f e  would be 
developed even i f  unmanned soft  l a n d i n g  probes came up w i t h  i n c o n c l u s i v e  
r e s u l t s .  

We w i l l  probably have a much b e t t e r  unde r s t and ing  of t h e  dynamics of 
technology t r a n s f e r  by the t i m e  manned p l a n e t a r y  e x p l o r a t i o n  programs be- 
come a major p a r t  of the  space program. Thus, f a c t o r  3 can be expec ted  
to  p lay  a n  impor t an t  role d u t i n g  the development of systems r e q u i r e d  f o r  
manned e x p l o r a t i o n  of the i n n e r  p l a n e t s .  

A dynamic space program dur ing  t h e  1970s and 1980s combined w i t h  a 
w e l l  funded technology t r a n s f e r  program cou ld  provide t r a n s f e r  o p t i o n s  
of b e n e f i t  t o  almost  eve ry  branch of medicine and b i o l o g i c a l  r e s e a r c h .  
The e x t e n t  to  which t h i s  r i c h  promise is r e a l i z e d  w i l l  depend p a r t l y  on 
how w e l l  t h e  expe r i ence  of o u r  f i r s t  decade i n  space can  be used  t o  allow 
u s  to  improve technology t r a n s f e r  t o  the  l i f e  s c i e n c e s .  Imaginat ion and 
unde r s t and ing  combined w i t h  good p lann ing  are l i k e l y  t o  be as important  
as t h e  l e v e l  of  technology transfer funding.  
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THREE TECHNOLOGY TRANSFER CASE HISTORIES 

Three case h i s t o r i e s  of completely d i f f e r e n t  space technology trans- 
f e r s  are p resen ted  t o  i l l u s t r a t e  t h e  d i v e r s e  o r i g i n s  and e v o l u t i o n a r y  pa t -  
t e r n  of technology t r a n s f e r  i n  t h e  l i f e  sciences. Two examples are t h e  
product  of  s p e c i f i c  programs. The t h i r d  is a s e r e n d i p i t o u s  d i scove ry  t h a t  
was not carried out  sub  rosa o u t s i d e  of  e s t a b l i s h e d  programs, The two 
t r a n s f e r s  t h a t  have made t h e  greatest p r o g r e s s  have both had champions 
whose tireless e f f o r t s  are p r i m a r i l y  r e s p o n s i b l e  f o r  p rogres s  t o  d a t e .  
The program without  a champion is t h e  senior dc iopment h i s t o r i c a l l y  and 
t h e  one a t  f i r s t  g l a n c e  t h a t  we would suppose sliould expe r i ence  a smooth 
t r a n s f e r  p a t  tern.  

The Automated Blood P r e s s u r e  Cuff 

I n  1958 i t  w a s  clear t h a t  manned space mis s ions  would be g i v e n  a high 
The A i r  Force also h a s  a number of p r i o r i t y  w i t h i n  t h e  newly formed NASA. 

p l a n s  for  manned space  f l i g h t s .  Dr. James N. Waggoner, now t h e  D i r e c t o r  
of L i f e  Sc iences  a t  t h e  Garrett Corpora t ion ,  r e a l i z e d  t h a t  an automated 
blood p r e s s u r e  measurement s y s t e m  would be  a l o g i c a l  requirement  f o r  bo th  
NASA and m i l i t a r y  manned space missions.  The development of t h e  automated 
blood p r e s s u r e  c u f f  w a s  i n i t i a t e d  e a r l y  i n  1958 as p a r t  of Garrett 's  IR&D 
program. The system w a s  subsequen t ly  r e f i n e d  unde r  a NASA c o n t r a c t  t o  be  
inc luded  i n  t h e  Mercury Program, which was t h e  first of s e v e r a l  d i f f e r e n t  
models t h a t  have been modif ied f o r  t h e  major manned space programs. 

A system w a s  completed e a r l y  i n  1961 and went through i t s  c l i n i c a l  
t e s t i n g  phase a t  t h a t  time. Garrett d i s c u s s e d  t h e  p o s s i b i l i t y  of u s i n g  
t h e  machine for s t a n d a r d  c l i n i c a l  r equ i r emen t s  as soon as it  was p e r f e c t e d .  
The i n i t i a l  r e a c t i o n  of  t h e  medical community was t h a t  t h e  machine w a s  
simply too expensive f o r  i ts modest c a p i t a l  investment budget.  A t  t h a t  
t i m e  t h e  p r i c e  e s t i m a t e d  f o r  t h e  machine i n  serial p roduc t ion  of perhaps 
10 or 20 u n i t s  was i n  t h e  range of $2,500 to  $3,000 a u n i t .  The r e c e n t  
models of t h e  space  f l i g h t  s y s t e m  developed by Garrett i nc luded  t h e  sys-  \ 

t e m  f o r  Gemini and t h e  o t h e r  f o r  t h e  Apollo program. The automated blood 
p r e s s u r e  c u f f  f u n c t i o n e d  f l a w l e s s l y  on a l l  Gemini f l i g h t s .  

I n  1963, Garrett used i t s  own funds t o  repackage t h e  blood p r e s s u r e  
system and c o n s t r u c t e d  two c l in i ca l  demonstrat ion u n i t s ,  There has  been 
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a concer ted  e f f o r t  t o  market t h e  automated c u f f  f o r  t h c  p a s t  f i v e  y e a r s  
u s i n g  t h e s e  demons t rat ion  models . 

One demonstrat ion system has been a t  t h e  Lovelace C l i n i c  d u r i n g  t h e  
p a s t  f o u r  y e a r s  and has f u n c t i o n e d  accord ing  t o  e x p c c t a t l o n s  d u r i n g  t h a t  
time. One cannot r e a l l y  d e f i n e  t h i s  i n s t a l l a t i o n  as t h e  i n i t i a l  c l i n i c a l  
t r a n s f e r ,  because Lovelace has  a ve ry  close a s s o c i a t i o n  w i t h  Garrett and 
was a b l e  t o  purchase t h e  u n i t  f o r  a f r a c t i o n  of  i ts  real c o s t .  A l s o ,  t h e  
u n i t  has  been p r i m a r i l y  used f o r  r e s e a r c h  and a p p l i c a t i o n  d i r e c t l y  r e l a t e d  
t o  t h e  space  program. 

A f t e r  n e a r l y  f i v e  y e a r s ,  a d e m o n s t r a t i o n  u n i t  was t e s t e d  i n  an i n t e n -  
sive c a r e  ward a t  t h e  Nat iona l  I n s t i t u t e s  of Heal th  i n  January 1968 where 
i t  f u n c t i o n e d  s a t i s f a c t o r i l y .  T h i s  u n i t  has  been subsequent ly  r e t u r a e d  
t o  Garrett where i t  has been i n s t a l l e d  i n  a movable EKG cart  t h a t  auto-  
m a t i c a l l y  t a k e s  EKG r e z d i n g s  and p l a c e s  them on t a p e  for  subsequent  con- 

p u t e r  a n a l y s i s .  The EKG car t  w i t h  automated blood p r e s s u r e  cuff '  was deni- 
o n s t r a t e d  a t  t h e  American Medical A s s o c i a t i o n  meeting i n  San F r a n c i s c o  i n  
June 1968. 

Garrett has  been informed by D r .  Howard Hockberg of t h e  F i e l d  I n s t r u -  
ment Unit  of t h e  U.S. P u b l i c  Health S e r v i c e  t h a t  i t  w i l l  r e c e i v e  a $50,000 
c o n t r a c t  t o  i n s t a l l  t e n  automated c u f f s  i n  the  mobf,e EKC carts.  I t  is  
assumed t h a t  t h e s e  systems w i l l  be s e n t  t o  t e n  N I H  f i e l d  h o s p i t a l s  through- 
o u t  t h e  count ry  for subsequent  c l i n i c a l  e v a l u a t i o n  and d a i l y  u s e .  Th i s  
program was t o  have been i n i t i a t e d  i n  A p r i l  1968. Because of N I H  funding  
r e s t r i c t i o n s ,  t h e  program now a p p e a r s  to  be delayed u n t i l  August. 

The p r e s e n t  product ion  cost  e s t i m a t e d  f o r  t h e  system s u g g e s t s  tha t  i t  
c a n  be s o l d  f o r  $2,000 p e r  system i n  ser ia l  product ion  q u a n t i t i e s  of 10 
or 20 u n i t s .  The product ion  costs of s e v e r a l  hundred u n i t s  should  come 
down t o  a range as low as $1,000 p e r  system. 

Some mention should  be made of' what t h e  automated cuff  w i l l  a c t u a l l y  
do i n  both i n t e n s i v e  care wards and f o r  t h e  s t a n d a r d  p h y s i c a l  examinat ions.  
Used as an  i n t e g r a l  p a r t  of t h e  EKG c a r t ,  t h e  automated cuff' will a l l o w  
an u n t r a i n e d  person t o  s u p e r v i s e  t h e  blood p r e s s u r e  measurement t h a t  w i l l  
be inc luded  on t h e  tape c o n t a i n i n g  t h e  EKG d a t z .  The t a p e  can be au to -  
m a t i c a l l y  processed  through a computer i n  t h e  h o s p i t a l  o r  a t  a d i s t a n t  
l o c a t i o n  t o  provide  a p r e d i c t i v e  medical  a n a l y s i s  of any a b n o n n a l i t i e s  
t h a t  should warrant  t h e  a t t e n t i o n  of a c a r d i o l o g i s t .  S ince  t h e  b a s i c  
concept behind t h e  EKG cart is  t o  automate a procedure t h a t  c u r r e n t l y  
r e q u i r e s  t h e  time of a d o c t o r  o r  s k i l l e d  n u r s e ,  t h e r e  i s  no s u b s t i t u t e  
for t h e  automated c u f f .  A s  many as 300 p a t i e n t s  a day might be processed  
on a s i n g l e  car t ,  which a r e l a t i v e l y  u n s k i l l e d  person can o p e r a t e .  
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The o t h e r  p r i n c i p a l  a p p l i c a t i o n  of t h e  automated cuf f  promises t o  
be i n  h o s p i t a l  i n t e n s i v e  care c e n t e r s ,  Here w e  are concerned wi th  c r i t i -  
c a l l y  ill p a t i e n t s  i nc lud ing  p o s t o p e r a t i v e  cases, h e a r t  a t tack  and s t r o k e  
v i c t i m s ,  and persons  s u f f e r i n g  from a v a r i e t y  of i l l n e s s e s  where speedy 
a t t e n t i o n  o f t e n  means t h e  d i f f e r e n c e  between l i f? :  and death,  Blood p res -  
s u r e  is a n  impor tan t  parameter  t o  be measured i n  a l l  t h e s e  p a t i e n t s .  A t  
t h e  p r e s e n t  time, t h i s  i s  accomplished e i ther  by t h e  nu r ses  manually pump- 
ing  up t h e  o l d  hand blood pressure c u f f  or through an  in t r avenous  p r e s s u r e  
t r a n s d u c e r  t h a t  r e q u i r e s  t h a t  the s k i n  be punctured.  The o l d  manual p re s -  
s u r e  cu f f  c o s t s  between $60 and $80 and t h e  in t r avenous  s y s t e m  c o s t s  about  
$300. The automated cu f f  is  f a r  s u p e r i o r  t o  t h e s e  systems,  s i n c e  i t  can 
be t i e d  i n t o  a computer a long  w i t h  EKG, t empera ture ,  and o t h e r  basic d a t a  
to provide  a n  au tomat ic  warning t h a t  t he  c r i t i ca l  phase f o r  a p a t i e n t  was 
approaching.  Also ,  c o n s i d e r a b l e  amounts of  va luab le  time on t h e  p a r t  of 
nu r ses  and phys ic i ans  would be saved  by t h e  a v a i l a b i l i t y  of t h i s  system. 

The p r e s e n t  $2,000 sales p r i c e  i s  the  major barrier to  the widespread 
u s e  of t h i s  s y s t e m  i n  i n t e n s i v e  care wards. Every phys ic i an  c o n t a c t e d ,  
who w a s  a s s o c i a t e d  with i n t e n s i v e  care wards,  has r a i s e d  the p r i c e  ques-  
t i o n  when d i s c u s s i n g  the  automated c u f f  and o t h e r  r e l a t i v e l y  expensive s y s -  
t e m s  coming o u t  of ae rospace  technology.  A t  t he  p r e s e n t  t i m e ,  they  s imply 
do not  have the budget t o  suppor t  such c a p i t a l  inves tments .  The system 
could  be l e a s e d ,  bu t  we are s t i l l  d e a l i n g  wi th  a f a i r l y  s i z a b l e  investment  
over  a period of t i m e .  Fede ra l  programs t o  supply  funds  f o r  purchase  of 
c a p i t a l  items by h o s p i t a l  i n t e n s i v e  care c e n t e r s  have a l s o  been c u r t a i l e d  
because of t h e  f i sca l  p r e s s u r e s  of the Vietnamese w a r .  

I t  i s  doub t fu l  t h a t  the automated c u f f  w i l l  be w i d e l y  employed i n  
i n t e n s i v e  care c e n t e r s  i n  t h e  next  f i v e  y e a r s  wi thout  some new government 
program t o  provide  s p e c i f i c  funds  for t h e  purchase of such equipment i n  
h o s p i t a l s  throughout  t h e  count ry .  Here we would be deal ing wi th  thou- 
sands  of u n i t s  and t h e  widespread deployment of the  automated cuf f  would 
be a m u l t i m i l l i o n  d o l l a r  program. 

The automated cu f f  is r e p r e s e n t a t i v e  of expens ive  advanced technol -  
ogy biomedical  s y s t e m s  i n  t h a t  t h e r e  i s  l i k e l y  t o  be a 10- t o  15-year 
t i m e  gap between t h e  a v a i l a b i l i t y  of the system and i t s  widespread d i s -  
t r i b u t i o n  throughout o u r  h o s p i t a l s .  The b a s i c  lag a l l  the way through 
t h i s  technology t r a n s f e r  effor t  has been caused by a s imple  economic 
barrier. Everyone agrees t h a t  t h e  s y s t e m  provides  informat ion  tha t  cur- 
r e n t l y  r e q u i r e s  t h e  manual e f f o r t s  of h igh ly  s k i l l e d  personnel .  The sys-  
t e m  i s  a l s o  not  s u b j e c t  t o  human e r r o r ,  which may i n  t h e  long  run prove 
to be t h e  p r i n c i p a l  reason  i t  is adopted f o r  bo th  p a t i e n t  screening and 
i n t e n s i v e  care requi-aments .  
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The automated cuf f  development has  no t  been i n f l u e n c e d  by t h e  a t t e n -  
t i o n  of a champion i n  i t s  teclliiolugy t r a n s f e r  e v o l u t i o n .  Many i n d i v i d u a l s  
a t  Garrett and va r ious  agenc ie s  hatre been i n t e r e s t e d  i n  i t s  c l in ica l  po- 
t e n t i a l ,  but  no one has  s t epped  i n t o  t h e  champion's r o l e .  

GraDhite Imolants  

I n  1557, an  unexpected d iscovery  a t  t h e  
American Rockwell opened t h e  way t o  what may 
vance i n  p r o s t h e t i c  materials f o r  
t h a t  a s m a l l  fragment of g r a p h i t e  
f a c e  of h i s  s k i n  as t h e  r e s u l t  of 
z l e s .  A t  t h e  t i m e  i t  w a s  removed 
around t h e  g r a p h i t e  s p l i n t e r .  

Rocketdyne Div i s ion  of North 
prove to  be a s i g n i f i c a n t  ad- 

t h e  human body. James A.  Benson n o t i c e d  
had become imbedded j u s t  under  t h e  s u r -  
h i s  work wi th  g r a p h i t e  l i n e d  rocke t  noz- 
t h e r e  d i d  not  appear  t o  be any i n f e c t i o n  

The Space Systems Div i s ion  and Rocketdyne have had a NASA c o n t r a c t  
t o  fo rma l ly  r e p o r t  technology t r a n s f e r  from t h e i r  many programs, p r i n c i -  
p a l l y  propuls ion  and Apollo s p a c e c r a f t  development. James Benson became 
p a r t  of t h a t  program, which al lowed him to  i n c o r p o r a t e  h i s  s e r e n d i p i t o u s  
g r a p h i t e  d i scovery  as p a r t  of h i s  technology t r a n s f e r  a c t i v i t i e s .  H e  had 
t w o  g r a p h i t e  implants  p l aced  i n  h i s  arm. One is s t i l l  t h e r e  and t h e  o t h e r  
was removed a f t e r  s e v e r a l  months. A biopsy r evea led  t h a t  t h e r e  were no 
abnormal cells  around t h e  removed implant  which c o n s i s t e d  of t i g h t l y  wound 
g r a p h i t e  t h reads .  

James Benson c l e a r l y  p layed  t h e  r o l e  of t h e  champion i n  t h e  g r a p h i t e  
implant  t r a n s f e r .  I t  was a s e r e n d i p i t o u s  d i scove ry  t h a t  could  have been 
ignored  and f o r g o t t e n  wi thout  h i s  p e r s i s t e n t  and ded ica t ed  e f f o r t s .  The 
champion role has  also been p layed  by h i s  s u p e r i o r s  who have a s s i s t e d  and 
encouraged h i s  e f f o r t s .  I n  less  than  one y e a r  n ine  g r a p h i t e  biomedical  
t r a n s f e r  a p p l i c a t i o n s  have been c l ea r ly  i n d i c a t e d  and r e s e a r c h  is under  
way a t  two h o s p i t a l s ,  

Benson i s  working wi th  D r .  C. 0. Bechto l ,  t h e  head of o r t h o p e d i c  sur -  
gery  a t  t h e  UCLA Medical Center, on t h e  use of g r a p h i t e  components f o r  
h i p  j o i n t  replacement.  Metals c u r r e n t l y  used  co r rode ,  producing t o x i c  
subs t ances ,  and t h e  cor roded  s u r f a c e  p reven t s  t h e  a r t i f i c i a l  j o i n t  from 
moving. Graphi te  ho lds  t h e  promise of p rov id ing  an  a r t i f i c i a l  h i p  j o i n t  
t h a t  would remain i n  an unchanged c o n d i t i o n  as long  as any p a t i e n t  would 
normally be expec ted  to  l i v e .  I n  a d d i t i o n  t o  i t s  r e s i s t a n c e  to  corrosion, 
g r a p h i t e  has  e x c e l l e n t  l u b r i c a t i o n  p r o p e r t i e s  f o r  t h e  requi rements  of an 
a r t i f i c i a l  h i p  j o i n t .  
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Benson is a l s o  working wi th  Dr. Warden Weriiig a t  ti;' Rancho Los 
Amigos County Hosp i t a l  i n  Southgate ,  C a l i f o r n i a .  D r .  Wering b e l i e v e s  
t h a t  g r a p h i t e  can be used i n  m i c r o e l e c t r i c  probes t o  c o n t r o l  a p r o s t h e t i c  
hand, An amputee could  o p e r a t e  t h e  a r t i f i c i a l  hand through d i r e c t  mental  
c o n t r o l  r a t h e r  t han  t h e  awkward movements c u r r e n t l y  r e q u i r e d  f o r  p r o s t h e t i c  
hands. The outcome of t h i s  appl . ica t ion  w i l l  d e p a d  on t h e  c o m p a t i b i l i t y  
of va r ious  forms of g r a p h i t e  w i th  nerve  t i s s u e  when they  are i n  d i r e c t  
c o n t a c t .  

Another promising a p p l i c a t i o n  i s  t h e  u s e  of hollow g r a p h i t e  b a l l s  
i n  a r t i f i c i a l  h e a r t  va lves .  A t  t h e  p re sen t  time metallic b a l l s  (moving 
i n  an implanted framework) are used. 
seven or e i g h t  years many of t h e s e  b a l l s  suddenly crack, which r t a r t s  a 
blood c l o t t i n g  sequence t h a t  qu ick ly  k i l l s  tne  p a t i e n t .  Hollow g r a p h i t e  
b a l l s  can be made t o  e a s i l y  match blood d r ; . s i t y  and should  not  be  s u b j e c t  
t o  c o r r o s i o n .  

Blood i s  h igh ly  c o r r o s i v 6 , s n d  a f t e r  

Other  biomedical  a p p l i c a t i o n s  t h a t  have been i d e n t i f i e d  f o r  g r a p h i t e  
i nc lude  cosmetic  bone r ep lacemen t - - f i l l i ng  i n  jaw bones and o t h e r  bones 
damaged i n  a c c i d e n t s ,  m i l i t a r y  combat, or removed because of malignancy; 
permanently implanted bone sp l in t : ;  on t h e  o u t s i d e  of t h e  bones; bone p i n s  
i n  t h e  marrow spaces  of t h e  bones;  bone ex tens ions  going o u t s i d e  t h e  s k i n  
f o r  amputees,  p e r m i t t i n g  a 20 percen t  i n c r e a s e  i n  t h e  number of l e g  ampu- 
tees t h a t  can be f i t t e d  wi th  p r o s t h e t i c  l e g s ;  e l e c t r o d e s  f o r  c a r d i a c  pace- 
makers  ; and permanently implanted t a p o f f  ve in  p o r t s  f u r  kidney d i a l y s i s .  

The t r a n s f e r  p a t t e r n  of James Benson 's  d i scovery  has  enjoyed an  un- 
t i s u a l l y  r a p i d  p a t t e r n  of p rogres s  i n  a comparat ively s h o r t  pe r iod  of t i m e .  
The a v a i l a b i l i t y  of NASA technology funds  through Rocketdyne's r a t h e r  s iz-  
a b l e  c o n t r a c t  t o  r e p o r t  t r a n s f e r s  was undoubtedly an  important  f a c t o r .  
I t  a l lowed Benson t o  assume vhe r o l e  of t h e  champion and r a p i d l y  push t h e  
g r a p h i t e  a p p l i c a t i o n s  from t h e  conceptua l  t o  t h e  r e s e a r c h  s t a g e s .  

Image Enhancement - 

The biome-lical computer image process ing  technique  be ing  r e f i n e d  by 
Dr. Robert  Nathan and h i s  c o l l e a g u e s  a t  JPL has  been mentioned i n  t h e  
t e x t  of t h i s  r e p o r t  as be ing  cons ide red  t h e  most s i g n i f i c a n t  technology 
t r a n s f e r  i t e m  i d e n t i f i e d  i n  t h i s  s tudy .  The d e t a i l s  hcve been desc r ibed  
i n  t h e  precedizg  s e c t i o n s  of t h e  r e p o r t .  Dr. Quentin Hardwig o r i g i n a l l y  
sugges ted  t o  D r .  Nathan t h a t  t h e  image enhancement technique  could  be 
used t o  p rocess  medical X- rays  and o t h e r  medical images. I n  January 
1966, Hardwig began t o  send X-ray d a t a  and o t h e r  p i c t u r e s  t o  D r .  Nathan 
t o  be used i n  t h e  f i r s t  biomedical  image enhancement e f f o r t s .  The 
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procedure was an  immediate success and culminated i n  a n  imkpressive v a r i e t y  
of a p p l i c a t i o n s  dur ing  t h e  p a s t  two and one-half  years ,  

From a t r a n s f e r  s t a n d p o i n t  t h e  important  c o n s i d e r a t i o n  i s  t h a t ,  u i i t i l  
r e c e n t l y ,  che re  were not any s p e c i f i c  NASA funds  earmarked +or t h i s  e f f o r t  
and t h e r e  was no r e d i r e c t i o n  of i n t e r n a l  funds a t  JPL i n  t h e  ea r ly  stages 
of t h e  program. D r .  Nathan and h i s  a s s o c i a t e s  s imply worked a t  n i g h t  and 
on t h e  weekends r e f i n i n g  the procedures  necessary  t o  apply  t o  t h e  image 
enhancement technique  €or t h e  biomedical  a p p l i c a t i o n s .  Here we see a 
c l e a r  example of D r .  Nathan s e r v i n g  i n  t h e  f u n c t i o n  of  t h e  champion i n  a 
t r a n s f e r  a c t i v i t y .  Other  members of JPL management might a l s o  be cons id-  
e red  t o  played a champion r o l e ,  bu t  Dr. Nathan is  c l e a r l y  t h e  one whose 
e f f o r t s  a l lowed the image enhancement technique  t o  be a p p l i e d  t o  so many 
a p p l i c a t i o n s  i n  such a s h o r t  p e r i o d  of  time. I t  should  be mentioned t h a t  
t h i s  time pe r iod  co inc ided  wi th  the most a c t i v e  phase of the  Surveyor  pro- 
gram when Nathan and h i s  group were extremely busy p rocess ing  t h e  many 
p i c t u r e s  coming f r c d  t h e  s u c c e s s f u l  l u n a r  s o f t  l andings .  

I n  A p r i l  1968, Dr. Nathan was informed by Nat iona l  I n s t i t u t e s  of 
Hea l th  t h a t  he would be r e c e i v i n g  a $900,000 g r a n t  t o  r e f i n e  t h e  va r ious  
techniques  ove r  a two-year per iod .  I n  June ,  t h e  N I H  D iv i s ion  of Research 
F a c i l i t i e s  and Resources had a l l  i t s  g r a n t s  f r o z e n  because of the c u r r e n t  
u n c e r t a i n t y  ove r  f e d e r a l  budget c u t s ,  e s p e c i a l l y  those  a f f e c t i n g  the De- 
partment of Hea l th ,  Educat ion,  and Welfare.  To t i d e  o v e r  Nathan 's  group 
du r ing  t h e  i n t e r i m  time pe r iod  u n t i l  t h e  g r a n t  comes i n ,  $70,000 has  been 
a l l o t t e d  f o r  t h e  b i o l o g i c a l  a p p l i c a t i o n .  Th i s  i s  t h e  f i r s t  NASA money t o  
be d i r e c t e d  toward t h i s  e f f o r t .  One might d e s c r i b e  t h i s  simply as a "hold- 
i ng  a c t i o n , "  because i t  is not  enough to  get t h e  program started as o r i g i -  
n a l l y  planned. Much expens ive  equipment must be ordered  f o r  t h e  f u l l  scale 
e x p l o i t a t i o n  of a l l  t h e  d i f f e r e n t  o p t i o n s  which t h e  JPL group has  uncovered. 

I t  should  be mentioned t h a t  while Dr. Hardwig o r i g i n a l l y  thought  of 
the X-ray a p p l i c a t i o n ,  t h e  e l e c t r o n  microscope r e s o l u t i o n  improvement was 
a concept t ha t  o r i g i n a l l y  occur red  t o  D r .  Nathan i n  1954 when he was work- 
i n g  i n  c r y s t a l l o g r a p h y  a t  C a l  Tech. The e l e c t r o n  microscopy a p p l i c a t i o n  
promises t o  be t h e  most r e v o l u t i o n a r y  of t hese  developments, and i t  r ep re -  
s e n t s  a f u l l  c y c l e  f o r  Dr. Nathan, s i n c e  he s t a r t e d  o u t  i n  b i o l o g i c a l  re- 
sea rch ,  He b e l i e v e s  t h a t  t h e  e l e c t r o n  microscope enhancement would have 
an  immediate medical "fa1lout"giving d a t a  on t h e  exac t  structure of DNA and 
a l lowing  scient is ts  t o  have a much clearer unders tanding  of malignancy. 
H e  c o n s i d e r s  i t  t h e  most impor tan t  of t h e  a p p l i c a t i o n s , a n d  i f  h i s  N I H  funds  
are reduced he w i l l  p l a c e  i t  ahead of t h e  o t h e r  image enhancement o p t i o n s .  
A s  s t a t e d  before  i n  t h e  r e p o r t ,  t h e  e l e c t r o n m i c r o s c o p e  enhancement appea r s  
t o  be the closest t h i n g  to  a biomedical  r e s e a r c h  breakthrough coming o u t  
of o u r  space program t o  d a t e ,  F u l l y  developed,  i t  could  g i v e  s c i e n t i s t s  
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a " d i r e c t  readout"  c a p a b i l i t y  a t  t h e  molecular l e v e l .  Q u i t e  probably ,  
many f i e l d s  of b i o l o g i c a l  i n v e s t i g a t i o n  would be r e v o l u t i o n i z e d  by t h e  
a v a i l a b i l i t y  of such an  image r e s o l u t i o n  c a p a b i l i t y ,  

The requi rements  of a biomedical  image enhar.cement program shows 
t h e  funding  l e v e l s  necessary  t o  ach ieve  r ea l ly  s i g n i f i c a n t  t r a n s f e r s  
from t h e  space program. Nathan estimates tha t  they  w i l l  need a minimum 
of 12 t o  13 p r o f e s s i o n a l s  du r ing  the  two-year pe r i cd .  Direct l a b o r  c o s t s  
would be on the order of $250,000 a yea r .  The remainder of t h e  $900,000 
would be spen t  on equipment. Of cour se ,  nany items of expensive equip-  
ment i n c l u d i n g  the  computer f a c i l i t i e s ,  t h e  e l e c t r o n  microscope, and so  
f o r t h ,  are a l r e a d y  a v a i l a b l e ,  Without 8 q u e s t i o n ,  t h i s  is expensive re- 
search as measured by t he  s t a n d a r d s  of b i o l o g i c a l  fund ing ,  However, i t  
could provide  improved medical d i a g n o s i s  f o r  every  segment of t h e  popu- 
l a t i o n  a long  wi th  in s t rumen ta t ion  which promises to  g r e a t l y  accelerate 
progress  i n  fundamental  biomedical  r e sea rch .  I t  is i r o n i c  t h a t  a devel-  
opment tha t  has  a l r e a d y  been c l e a r l y  demonstrated i n  most of i t s  a p p l i -  
c a t i o n s  i s  be ing  h e l d  back by  funding  c u t s  and u n c e r t a i n t i e s  a t  the pres-  
e n t  time. 

The p resen t  success  of t h e  image enhancement technique  i s  due to  t h e  
presence of s e v e r a l  champions among those  who could  i n f l u e n c e  i t s  i n i t i a l  
ref inement .  I ts  f u t u r e  s u c c e s s  depends almost e n t i r e l y  on t h e  amount of 
d i r e c t  funding  tha t  comes f r o m  N I H  or some o t h e r  source, 
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Appe-Cix A 

ORGANIZATIONS CONTACTED IN THE STUDY 

Information for this study was obtained from many sources, including 
interviews with officials in government agencies in the Washington, D.C., 
and Bethesda, Maryland, area. Brig. Gen. Don D. Flickinger, U.S.A.F. , 
Ret., was especially helpful in arranging meetings with NASA, Air Force, 
Navy, Federal Aviation Agency, and National Institutes of Health special- 
ists who have been concerned with biomedical technology transfer. The 
following organizations in California were visited during the study: 

Jet Propulsion Laboratory 
Pasadena, California 

California Institute of Technology 
Pasadena, California 

UCLA Medical Center 
UCLA Brain Research InszitUte 
L o s  Angeles, California 

University of Southern California Medical School 
L o s  Angeles, California 

Cedars of Lebanon Hospital 
Los Angeles, California 

Cit- of Hope Hospital 
Los Angeles, California 

Long Beach Naval Hospital 
Long Beach, California 

SysteMed Corporation 
Newport Beach, California 

General Dynamics Convair Division 
San Diego, California 

Beckinan Instruments Inc. 
Fullerton, California 

The Garrett Corporation 
Los Angeles, California 



The RAND Corporation 
Santa Monica, California 

Systems Development Corporation 
Santa Monica, California 

Aerojet General Corporation 
El Monte, California 

Hughes Aircraft Company 
Culver City, California 

Lockheed Aircraft Corporation 
Burbank, California 

The Marquardt Corporation 
Van Nuys, California 

Electro Optical Systems, Inc. 
Pasadena, California 

McDonne11 Douglas Cor2oration 
Missile & Space Systems Division 
Santa Monica, California 
Huntington Beach, California 

North American Rockwell Corporation 

Aerospace and Systems Group 
El Segundo,. California 

Autonetics Division 
Anaheim, California 

Rocketdyne Division 
Canoga Park, California 

Space Systems Division 
Downey, California 

Northrop Corporate Laboratories 
Hawthorne, California 

TRW Systems 
Redondo Beach, California 

SpaceLabs Incorporated 
Van Nuys, California 

Bioscience Planning Inc. 
Anaheim, California 
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